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ABSTRACT
Long-term bioactumulatlon studies were conducted using ^ C -  
Kepone and unlabeled Kepone to determine the signif icance of d ietary  
accumulation to f in a l  Kepone body burdens in spot ( Leiostomus xanthurus 
and grass shrimp ( Palaemonetes puglo) .  Both food {grass shrimp) 
and consumer organisms were exposed to  aqueous Kepone concentrations 
of 0.04 ug/t at 23°C for 16-19 days, followed by a 21-28 day clearance 
phase. Dietary and aqueous sources of Kepone were shown to be 
addit ive for both species. Dietary contributions of Kepone represented 
9, 18 and 38* of the tota l  Kepone body burden in spot fed contaminated 
food rations of 4 ,  8 and 20* mean body weight,  respect ively.  At 
rations of 4 and &X, dietary Kepone contributions to f ina l  shrimp 
body burdens were 24 and 33*,  respect ive ly .  There were no s ign i f ican t  
differences in organism size or l ip id  content among treatments for  
ei ther  species.
Ration size had no e f fe c t  in e i th e r  organism on the uptake and 
clearance rate constants estimated for  d ietary accumulation and 
bioconcentration by a f i r s t - o r d e r  pharmacokinetic model. Shrimp 
had a slower clearance rate of  Kepone than spot and, hence, a greater  
b1 oaccumulation p o ten t ia l .  Kepone derived from aqueous exposures 
to both species appeared to  be cleared more slowly than residues 
derived from d ie tary  exposure, Kepone assimilation e f f ic ienc ies  
for  spot and shrimp were 15* and 21%, respect ive ly ,  fo r  the f in e ly  
ground food source used 1n th is  study. These values are tow compared 
to l i t e r a tu r e  data for  other l ip o p h i l i c  chlorinated hydrocarbons.
This indicates that  grinding of the food reduced Kepone a v a i l a b i l i t y  
to the consumer organisms. Even at these low assimilation e f f ic ienc ies  
Kepone from the d ie t  contributed s ig n i f ic a n t ly  to f ina l  Kepone body 
burdens in spot and shrimp.
An accelerated test  methodology was adequate to describe spot 
bioaccumulation k ine t ics ,  especia l ly  at the larger food ration size  
tested. Uptake of Kepone from contaminated a r t i f i c i a l  food was similar  
to uptake from contaminated natural food.
EFFECTS OF FOOD RATION SIZE ON BIOACCUMULATION 
OF KEPONE BY SPOT fLelostomus xanthurus} AND 
GRASS SHRIMP ( Palaenonetes puglo}
INTRODUCTION
L i te ra tu re  Review
The release of the organochlorlne pest ic ide Kepone (Chlordecone)
Into  the James River ,  V i r g in ia ,  has led to extensive contamination of the 
water,  sediments and biota o f  th is  estuarlne system (Huggett and Bender, 
1980).  An est imated 30,000 kg o f  Kepone may reside 1n a lZG-km t ida l  sec­
t ion of  the James, s tretching from the source of contamination 1n Hopewell 
to the mouth a t  the Chesapeake Bay. Highest concentrations of  Kepone were 
found a t  the s i t e  of the t u r b i d i t y  maximum 1n the r iv e r .  This portion of  
the middle estuary  tends to trap both suspended sediment par t ic les  and 
th e i r  associated organic d e t r i tu s  to which Kepone was found to absorb 
(Huggett e t  a K  , 1980).
Information concerning the toxicology of  Kepone was l im i ted  p r io r  to  
contamination of the James. Cope (1965) reported 24- and 96-hr  LC^g■s fo r  
rainbow t ro u t  ( Salmo g a i r d n e r l ) to be 66 and 20 ugM ,  respect ive ly .  The 
24- and 48-hr  fo r  white m ul le t  (Muglt  curema) were 500 and 55 ug/ i
and f o r  longnose k i l l i f i s h  ( Fundulus s im i lus ) ,  300 and 84 ug/t  (B u t le r ,  
1963). Gleason et_ al_. (1963) reported Kepone t o x i c i t y  to rabbits ,  rats 
and dogs while Good e£ al_. (1965) showed cumulative effects o f  Kepone on 
mammals. Jaeger (1976) reported that  Kepone was a cumulative toxin which 
may require  long periods of  time to exer t  I t s  e f f e c t s ,  and tha t  residues 
of 10 ug/g in the d ie t  caused cancer in mice and ra ts .
Research on the t o x i c i t y  of  Kepone increased fol lowing the
2
3discovery of the contafnination problem In V i rg in ia .  Schimmel and 
Wilson (1977) reported 96-hr LCsq*s for spot ( Leiostomus xanthurus),  
grass shrimp ( Falaemonetes puglo) ,  sheepshead minnow ( Cyprlnodon 
varlegatus) and blue crab ( Call inectes sapidus) to  be 6 .6 , 69 .5 ,
121 and >210 ug/t ,  respect ively.  Roberts and Fisher (1985) reported 
96-hr LC5q*s of 17.4 ug/t  for  A t la n t ic  menhaden ( Brevoortla tyrannus) 
and 28.8 ug/t  for A t lan t ic  s l lvers lde  ( Ken1d1a menldla) .  The 96-hr  
LCbO’ s for elvers of american eel ( Anguilla r o s t r a ta ) ,  blue g i l l  
( Lepomis macrochlrus) and channel catf ish ( lc ta lurus punctatus) 
were 3b, 50 and 514 pg/t ,  respectively (Roberts and Bendl, 1982).
The pestic ide caused pronounced to x ic ,  reproductive and teratogenic  
effects  1n l i f e  cycle tests  with estuarine mysids ( Mysidopsis bahia) 
(Nimmo et VK , 1977) and sheepshead minnows (Hansen et al_. , 1977).
Growth was inh ib i ted  at aqueous Kepone concentrations as low as 
U.072 p y / i  for  mysids and 0.08 uy / i  fo r  sheepshead minnows.
Rubinstein (1977) found concentrations of 29.5 pg/t  toxic  to 
lugworms ( Arenicola c r l s t a t a ) , while Walsh (rt al_. ( 1977) reported a 
seven day growth of 35.0 uy/t  fo r  the marine u n ic e l lu la r  algae,  
Chlorococcum sp,
Schlmmel et a K  ( 1979) found s igni f icant  m o r ta l i t ie s  among 
juveni le  blue crabs fed laboratory contaminated oysters containing  
1.9 uy Kepone/g wet weight.  In contrast,  Fisher et al_. (1983)  
found no s ign i f ican t  differences 1n m orta l i ty  for blue crabs fed 
a series of concentrations of Kepone contaminated food from two 
d i f fe r e n t  food sources at two d i f f e r e n t  temperatures. F1sher et a l .
(1983) indicated a 65-day LO^g in excess of 0 .16 ug Kepone/g crab per 
day. The highest food concentration tested was 2.5 yy Kepone/g
4food. Mechanisms of the tonic action of  Kepone on aquatic organisms 
remain poorly understood, although Desaiah and Koch (1975) have 
demonstrated mitochondrial ATPase inh ib i t io n  by the pes t ic ide ,
Kepone 1s also known to cause a s ign i f ican t  decrease 1n Na+K+-ATPase 
in ra t  brains in v i t ro  (Desalah et aj_., 19B0). Recently,  Kepone 
was shown to be a potent neurotoxic in h ib i t o r ,  which may a l te r  
calcium dependent metabolism and calcium transport in  the freshwater 
f i s h ,  Saccobrancus fossil is (Bansal and Chandra, 1985).
There is l i t t l e  evidence in the l i t e r a t u r e  for metabolic  
transformation of Kepone by aquatic organisms. Homologs with 8 and 
9 chlorines were ident i f ied  in mullet ( Mugil sp.) collected from 
the James River (Borsett i  and Roach, 1978},  I t  is l i k e l y ,  however, 
that  these homologs were produced e i th er  by photodegradation or 
during industr ia l  production of Kepone. In humans, Kepone is 
metabolized to Kepone alcohol and conjugated with glucuronic 
acid (Boylan et al_. , 1979). Conjugation enhanced excretion by 
reducing the l i p i d  so lub i l i ty  of Kepone. Van Veld e t  a]_.  (1984) 
reported Kepone alcohol from bile  of channel cat f ish  receiving  
IM in ject ions of Kepone. This conjugate represented only 1.7 
percent of the to ta l  b i l i a r y  Kepone and i ts  signif icance with 
respect to e l iminat ion rates was questioned by the authors.
Bioconcentration and dietary accumulation of Kepone has been 
studied far various estuarlne organisms. Bahner et a K  (1977) 
found bioconcentration factors (defined as the ra t io  of  the concentration 
of Kepone in the organism to that found 1n the water) fo r  mysids, 
grass shrimp, oysters,  sheepshead minnows and spot averaged 13,000,  
11,000, 9,000, 7,000 and 3,000, respect ive ly .  All species obtained
5nearly equ il ibrated t issue concentrations w ith in  8 to 17 days. In 
studies Involving exposure via d ietary sources, the bioaccumulation 
factor  {defined as the r a t io  of the concentration of Kepone 1n the  
predator to that  found in the prey) for  mysids fed Kepone contaminated 
brine shrimp was 0,53,  and fo r  spot which consumed these rnyslds,
0 ,85 .  The invest igators concluded tha t  the i n i t i a l  bioconcentration  
of Kepone from water by food organisms was the dominant source of  
Kepone in these food chains. Depuration varied widely from species 
to  species. Oysters held in Kepone f ree  water los t  35 percent of  
t h e i r  to ta l  body burden in 24 hr and had no detectable levels  in t h e i r  
t issues a f te r  20 days. The crustaceans and f ish  took 24 to  28 days to  
depurate 30 t o  50 percent of the Kepone in t h e i r  t issues.
Van Veld et (1984) used a ls t -o rd e r  pharmacokinetic model s im i la r  
to that  proposed by Metcalf  (1977) to describe the uptake and depuration 
of Kepone from a d ietary source by channel c a t f is h  ( lc ta lurus  punctatus) 
f in g e r l ln g s .  They found a dietary accumulation factor  {defined as the  
r a t io  of the concentration in the f ish  and the da i ly  d ie ta r y  dosage le v e l )  
of 3 .0 .  This d ietary accumulation factor  is approximately 4-6 times the 
bioaccumulation factors reported by Bahner et a K  (1977).  I t  1s f e l t  
that  the Van Veld term is more useful 1n comparing the potent ia l  fo r  
accumulation of dietary pesticides because the da l ly  d ie ta r y  dosage level  
is a function of feeding rate in addit ion to food concentration. The 
invest igators calculated an uptake rate  constant (K3) fo r  d ie ta ry  Kepone 
in channel ca t f ish  of 0.237 day ' l  {wet we ight) ,  and a clearance rate  
constant (<2 ) of 0.08 day- ^.
Stehlik and Merriner (1983) examined the e f fe c ts  of d ietary  
accumulation of Kepone by spot ranging in weight between 1.2 and
612.4 g. The Invest igators soaked squid fo r  24 hr in a acetone solution  
containing Kepone. Three Kepone concentrations 1n food were examined; 
3,3 ,  0.59 and 0.3  ug/g. F1sh were fed the 3.3 pg/g contaminated food 
for 26 days and the other two concentrations of food fo r  56 days, 
followed by a 28 day clearance phase, F1sh receiving the high food 
Kepone concentration were fed a ration representing 14 .5K of the 
mean f ish  body weight per day, while f ish  receiving the low food 
Kepone concentrations were fed a 5.91 per day ra t ion .  Body burdens 
of Kepone increased without reaching steady state  during the uptake 
phase. Spot from al l  treatments developed muscular te tany,  fractured  
vertebral centra and abnormally thickened vertebrae. Uptake rate  
constants of 0.223 day"* fo r  the 2B-day experiment and 0.396 fo r  the 
66 day experiments were calculated by the method of Van Veld et a l .
(1984).  A clearance rate constant of 0,0027 day"* was also calculated.
Roberts and Fisher (1985) examined the bioconcentration and 
clearance of Kepone from water by two marine f ish  species from two 
aqueous exposure concentrations using a f i r s t - o r d e r  k ine t ic  model 
(B10FAC) developed by DOH Chemical Company (Blau and Agin, 1978).
In separate experiments, the estimated rate  constants fo r  uptake of  
Kepone were Z80 and 293 day~l for  menhaden { Brevoortla tyrannus) and 
102 and 238 d a y l  for s i lvers ides  ( Henidia menidla) .  The clearance 
rate  constants were estimated to be 0.03 and 0.13 day“ l fo r  menhaden 
and 0.002 and 0,01 day** fo r  s i lve rs ldes .  Based on these rates of  
uptake and clearance, the steady state bioconcentration factor was 
estimated to H e  between 2300 and 9750 fo r  menhaden and 21,700 and 
60,200 for  s i lvers ldes ,
Bahner and Oglesby (1979) compiled data for  uptake and clearance
1of Kepone by a var ie ty  of marine species from published sources, as 
well as various studies at the U.S.  EPA, Environmental Research 
Laboratory (Gulf Breeze, FL),  Data were analyzed with a computerized 
nonlinear s t a t is t i c a l  model. Three parameters described the shape 
of the accumulation curve: C for  the rapid uptake portion of the
curve, 0 for the clearance phase and A for the asymptotic portion  
of the curve. The f i r s t  two parameters are not f i r s t  order rate  
constants for uptake and clearance in the sense of Kamel Ink (1977 ) .
The investigators report values of C for spot f i l l e t s  and whole 
shrimp to be 0.3U4 and G.1B3, respect ively.  Values fo r  D for the 
same organisms were G.0B5 and 0.098, respect ively.  Uptake (K^) and 
depuration («2) rate constants for  this data for both organisms, 
recalculated using the B1UFAC computer model described below, were 
195 and 0.049 day- l ,  respect ive ly ,  for spot and 346 and 0,044 
day- ! for shrimp. The values from the two models have no obvious 
re lat ionship .  The c r i t i c a l  disadvantage of the Bahner and Oylesby 
model is that I t  t rea ts  the body burden value at the last day of 
uptake as the steady state  or asymptotic value.  This assumption 
leads to underestimates of bioconcentration f o r  slowly accumulated 
chemicals.
The a b i l i t y  to predict the environmental fate and ef fects  of  
pollutants in the marine environment Is of utmost importance in 
assessing hazards posed by a compound's use and disposal.  Most 
commonly u t i l i z e d  methods to establ ish potent ia l  environmental 
effects  have involved an assessment of a compound's acute and 
chronic t o x ic i t y .  For many hydrophobic compounds, such as pestic ides  
and PCB's, a fur ther  potent ia l  danger arises from the a b i l i t y  of
8organisms to bloaccumulate these compounds to high body burdens 
from very low concentrations in the environment* A " f i r s t  c u t“ 
estimate of bioaccumulation can be obtained by determining the  
p a r t i t io n  coe f f ic ien t  between an organic solvent,  usual ly  n -octano l , 
and water.
Transfer  of the contaminant from the environment to the organism 
1s calculated as: 1) a bioconcentration fac tor  (BCF) from water
equal to  the concentration in the organism/concentration in the 
water at  steady s t a t e ;  and 2 }  a d ie tary  accumulation fac tor  (DAF) 
equal to  the concentration in the organ1sm/da1 ly d ie ta ry  dosage 
concentration per gram organism at  steady s t a t e .  Comparisons between 
the two routes of uptake to def ine t h e i r  r e l a t i v e  importance can 
then be made assuming the accumulation studies have been conducted 
using q u a n t i ta t iv e ly  re la ted  residues in the food and water {Macek 
et a K , 1979). Studies must also be performed to estimate the  
t ransfer  of the contaminant from i t s  usual reservoir  in the f i e l d ,
i . e .  sediment, to the food organisms and water.  With these data 
ava i lab le ,  an assessment can be made o f  the potent ia l  fo r  a compound 
to accumulate in marine organisms.
The above procedures fo r  hazard assessment have been developed 
over  the past ten years and have gained a general degree of acceptance 
(Maki and Duthie,  1978) ,  The major shortcoming l i e s  in the lack 
of f i e l d  va l ida t ion .  This is p a r t i c u la r l y  t rue 1n the estuar ine  
environment, where large d i lu t i o n  volumes and complex mixing processes 
generally reduce the r is k ,  and where f i e l d  data on many aspects of 
environmental compartmentalizatlon are lacking.  In troduct ion of 
Kepone in to  the James River has provided a unique opportunity for
f i e l d  v a l id a t io n  of  the eva luat ion scheme. A large number of  
in v e s t ig a t io n s ,  a few of which were described above, provide data 
to  serve, 1n p a r t ,  as a basis fo r  assessment, although a f t e r - t h e - f a c t  
of how well  the p re d ic t iv e  system works in the estuarlne environment.  
Bender et  ^ (19B4) have attempted to c o r re la te  both measured 
aqueous Kepone concentrations and those estimated from sediment-water  
p a r t i t i o n  c o e f f ic ie n ts  to residues in animals in the f i e l d  u t i l i z i n g  
laboratory derived bioconcentrat ion and d ie ta ry  accumulation factors .  
They found t h a t ,  in many cases, co r re la t ion s  were good. For example, 
when laboratory derived d ie ta ry  accumulation factors for  male blue 
crabs {F isher  et^£^**  1983) were applied to f i e l d  populations,  
adequate predict ions were obtained.  Uptake by oysters also was 
predicted q u i te  adequately from laboratory  s tudies .  However, wide 
descrepancies between laboratory predictors and f i e l d  observations 
were shown fo r  some f is h e s .  Several possible explanations were 
given fo r  these discrepancies:
1) The measured bioconcent ra t  ion factors  used were too low,
2)  The actual concentrations of Kepone in the water are  
greater  than those measured or predicted from sediment-water  
p a r t i t i o n  c o e f f i c ie n t s .
3) There is  a grea te r  accumulation through food than estimated 
from laboratory  s tudies .
Bender et aj_. (1984) examined the v a l i d i t y  of these explanations  
The bioconcentration fac to r  used 1n t h e i r  predict ions was the maximum 
found fo r  f is h  from f i v e  d i f f e r e n t  laboratory invest igat ions ( 7 ,2 0 0 ) .  
Thus, they f e l t  the laboratory  p red ic tor  used was not 1n e r r o r ,  at  
leas t  on the low s ide .  A recent study be Slone and Bender (1980) 
indicated dissolved Kepone concentrations in the lower James River  
of approximately S n y / t .  Predic t ions from sediment concentrations
1U
at these si tes  indicate that  dissolved levels  of Kepone should have 
been approximately 7 n g / t ,  u t i l i z i n g  a p a r t i t i o n  c o e f f ic ie n t  
between sediments and water of 5,000:1 (Strobel et al_., 1981).
Thus, the dissolved Kepone levels used 1n t h e i r  predict ions appear 
to be in remarkably good agreement with actual f i e l d  Kepone concen­
t ra t ions,  The authors f e l t  that  i f  they were correct in  th e i r  
assessment of the f i r s t  two explanations f o r  error  In t h e i r  predict ions,  
this l e f t  as the most l i k e l y  explanation an underestimate in uptake 
via the food chain to account for  these d i f ferences.
There are other possible a l te rn a t iv e  explanations than those 
cited above. These include microhabitat Kepone concentration  
differences, effects of d i rec t  contact with sediment and inclusion 
of sediment with ingested food. Banner et  ^ a1_, (unpublished) studied 
the uptake of Kepone by spot and grass shrimp and found that  uptake 
from water was fa r  more Important for  both species than contact 
with or ingestion of the sediment.
Bender and Huggett (1984) have completed a comprehensive review 
of the fa te  and ef fects  of Kepone In the James River .  In th is  
review, they examine the above mentioned problems in predictions  
more closely.  They u t i l i z e  a Is t -o rd e r  pharmacokinetic equation 
(from Hamellnk, 1977) to  analyze f i e l d  data concerning uptake of 
Kepone by spot and croaker ( Hicropongonias undulatus) .  Uptake ra te  
constants were estimated from f i e l d  data collected in  19B1, while 
clearance rate  constants were estimated from experiments 1n which 
contaminated spot and croaker col lected from the James River were 
held in the laboratory. The estimated uptake rate constants for  
spot and croaker were 770 and 860 day~l,  respect ive ly .  Clearance
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rate constants were estimated at  0.01  day"* ,  for spot and 0.008 
day'* fo r  croaker. The authors then used these rate  constants and 
an aqueous Kepone concentration of 7 n y / t  to  predict body burdens 
of Kepone in these species and compare them to observed data.  I t  1s 
not surprising that  there 1s a f a i r l y  good agreement between the 
predicted and observed values, since the rate  constants were calculated  
from the f ie ld  data and not from laboratory experiments. In f a c t ,  
these uptake rate constants are approximately three times the laboratory  
derived estimates for other marine species. This 1s probably 
because they include uptake from a l l  sources and not jus t  from 
water. Their model, in f a c t ,  is simply an attempt to describe 
observed values from empirical data and cannot serve as a purely 
predict ive too l .  I t  can be used to pred ic t  future body burdens in 
f ish with changing environmental Kepone concentrations, but i t  
cannot be used to explain the discrepancies in predict ing f ie ld  
Kepone body burdens from laboratory data.
Information concerning the r e la t iv e  contribut ions from dietary  
and aqueous sources of Kepone to an organ1sm*s to ta l  body burden Is 
scarce. The most extensive study published to date concerning the 
dietary  accumulation of Kepone by f ish was conducted by Bahner et 
a l . (1977) ,  The invest igators examined both bioconcentration and 
food chain t ransfer  of Kepone through a piankton-mysid-spot food 
chain and concluded that bioconcentration of Kepone from water 
could overshadow dietary accumulation of the compound. Macek et 
a l . (1979) cited th is  study as a case in point favoring th e i r  
hypothesis that d ietary accumulation of compounds is ins ignif icant  
when compared to bioconcentration. The problem with th is  conclusion
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1s tha t  the Bahner et (1977 ) study violated two major tenets 
which Macek et a K  (1979) propose as essential  when comparisons 
between the two routes of  uptake are made: 1 ) spot were net allowed
to reach steady state 1n the d ie tary  accumulation study; and 2) 
pest ic ide  concentrations from food and water sources were not 
q u a n t i t a t i v e ly  re la te d .  Because of these problems, the Bahner et  ^
a l , (1977) study does not give a r e a l i s t i c  measure of the quanti tative  
importance of d ie tary  accumulation of kepone to residues found In 
spot ,
Bahner (unpublished) conducted further  studies In to  the Importance 
of the two routes of Kepone uptake by spot using whole amphlpods as the 
d ie ta ry  source, Amphlpods were contaminated to various whole body 
Kepone concentrations ranging from 0 ,2  to 2,0 yg/g through aqueous 
exposures. These amphipods were then fed to spot held 1n ei ther  
uncontaminated water or water containing 0,03 yg/ t  Kepone. Results 
Ind icated that  food and water kepone residue levels  were addit ive  
and, at every food and water combination tested,  dietary accumulation 
was more important than bioconcentration in determining total  
residue concentrations 1n spot.  This was most c lear ly  apparent at  
high Kepone concentrations 1n prey, but was also evident at the 
lowest concentration, in  which amphlpods were exposed to Kepone 1n 
a water concentration (0 ,045  pgf t )  s im i la r  to the concentration 
to which the f 1sh had been exposed (0.030 y g / t ) .  The major 
problem with t h is  study was that water and food doses were not 
q u a n t i t a t i v e ly  r e la te d .  Thus, according to Macek et fliK (1979),  
these f indings are not eco log ica l ly  relevant,
Bahner (unpublished) also Investigated the relationship found
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between biomass of contaminated prey Ingested ( ra t ion  size) and 
f i n a l  spot Kepone body burdens. He found that  spot which consumed 
a greater  amount of equally contaminated food accumulated greater  
residues of Kepone. This dose dependence of steady state residue 
concentrations obtained from dietary sources has been documented 1n 
other studies (Macek et  ^ al_ . , 1970; Argyle et  ^ a K , 197b; tfarlen et  
a 1 . ,  1977).  Dose dependency would be expected i f  d ie tary  accumulation 
can be modeled by a l s t - o r d e r  pharmacokinetic equation {Branson e t  
a l . ,  1975; Hamel 1 nk et  a K , 1977; Metcal f ,  1977; Bruggeman et a l . ,
1981) ,  I f  experimental food ration size is not adequate to maintain 
f is h  in good condit ion ,  or does not approach Ingestion rates from 
the f i e l d ,  then an underestimate of body burdens due to dietary  
accumulation could be obtained,  Recent work with methyl mercury and 
fresh water food chains indicates that increased ingestion rates of  
f is h  at high temperatures can explain the increased signif icance of 
d ie ta ry  accumulation at elevated temperatures [Rlbeyre et a l . ,
1980),
The importance of d ie ta ry  and aqueous sources of xenobiotics 
to an organism's f ina l  body burden is not relevant only to the 
Kepone problem, Macek et  ^ a K  (1977) reviewed a number of e a r l i e r  
papers concerned with th is  Issue and concluded th a t ,  except for  
DDT, the major source of xenobiotics to aquatic organisms is through 
aqueous exposure and not through dietary accumulation. The authors 
found problems with many ea r ly  studies due to the tendency of 
invest igators  to  use xenoblotic concentrations in food which were 
not q u a n t i t a t iv e ly  related to  concentrations in the water,  Bruggeman 
et a l . (1984) invest igated the influence of molecular size and
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hydrophobicity or bioaccumulati on k inet ics in guppies ( Foeci Ha  
r e t i c u l a t a ) fo r  a series of polychlorinated biphenyls (FCBs) 1n 
comparison with other halogenated aromatic compounds. They concluded 
that  as the hydrophobidty of the compound Increased, the signif icance  
of d ie tary  accumulation also increased. In f a c t ,  I t  was shown that  
d irec t  uptake of PCB's with a log P greater then 6 is  considerable 
reduced and would never become s ign i f ican t  under natural conditions.  
Dietary accumulation was thought to become s ign i f ican t  for  compounds 
with log P of approximately S>,
Studies by Pizza and O'Conner (1983) indicated tha t  dietary  
accumulation of PCBs by striped bass in the Hudson River could 
account for  up to 831 of the contaminant in young-of-year f ish ,
Rubinstein £ t  jH_. {1984} determined that  PCB contaminated harbor 
sediments could serve as a source of that contaminant for accumulation 
and d ietary  t ransfer  by polychaetes ( Nereis v i rens) and spot.
Af ter  2U days of feeding, the dietary contribut ion of PCBs accounted 
for 83% of the toal residue measured in spot, and the percentage 
appeared to be increasing. Thus, for highly l ip o p h i l i c  compounds, 
l i k e  PCB and DDT, d ietary uptake appears to be s ig n i f ic a n t ,  as 
predicted by Bruggeman et  ^ a_l_. (1984),
I t  is noteworthy that the conclusions of Macek et  {1979) 
were based largely  on experiments concerning the bioaccumulation of 
di{2-e thylhexyl  )phthalate (DEHP), 1 ,?,4-tr ichlorobenzene (TCB), and 
the organophosphorous Insect ic ide leptophos by the b lu e g i l l  sunfish 
{ Lepomis macrochirus) . None of these compounds is very hydrophobic; 
the largest bioconcentration factor  of the three is 183 fo r  TCB.
Hence, one would not expect d ietary accumulation of these compounds
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to  be very great ( Bruggeman et a l . ,  1984), For hydrophobic compounds, 
such as DDT and PCBs, which are pers is ten t  in the environment and 
In aquatic organisms, and are general ly  considered to  be serious 
long term hazards, d ie tary  accumulation may be s i g n i f i c a n t .
A number of Invest igators  have developed models which couple 
p o l lu ta n t  b iok inet ics  with an organism's bioenerget ics in an e f f o r t  
to  predict  accumulation of xenoblotics in aquatic food chains. In 
general,  these models are computer generated mass balance calculat ions  
in which ls t -o rd e r  pharmacokinetic rate  constants of uptake and 
clearance are re la ted  to the bioenergetic parameters of aquatic  
organisms and actual f i e l d  exposure leve ls .  Exposure of to x ic  
chemicals in food is based on organism age, t ime of exposure,  
concentration in the prey, food consumption rate  and predator-prey  
re la t io n s h ip s .  Exposure to the tox ic  chemical in water 1s funct ional ly  
re la ted  to  respira t ion  ra te ,  Norstrum frt jil_, (1976) successful ly  
used such a model to predict f i e l d  body burdens of PCB and methylmercury 
in yellow perch ( Perea f lavescens) .  Thoman and Connolly (1985) 
used t h e i r  bioeneryetfcs based model successfully to pred ic t  PCB 
concentrations in a Lake t rout  food chain in  Lake Michigan. Connolly 
and T on e l l i  (1985} have used a s im i la r  mode! to  pred ic t  burdens 
of Kepone In str iped bass [Morone s a x a t l l H ) over a seven-year period.
The above Invest igators  report t h a t ,  fo r  the upper levels  of 
the food chain, d ie t  appears to be the major route of contamination 
for  the compounds tested. Connolly and Tone l l i  (1986) reported  
that  d ie t  accounted f o r  91% of the Kepone residue 1n s t r iped  bass 
and 87-B8% o f  the observed concentration in  white  perch ( Horone 
amerlcana). One of the problems with these pharmaeokinetic/bioenergetic
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based models is  that they u t i l i z e  laboratory derived bioaccumulation 
data to determine rate constants. These same rate constants are 
then applied to  a whole range of physical and biological condit ions.
The assumption that these rate  constants do not change under varying 
conditions* both environmental {temperature and s a l in i t y )  and 
biological [oryanlsm size, food consumption rate,  food type and 
concentrations, e t c . ) ,  has not been tested.  Until data are available  
concerning the effects of these varying conditions on rate constants,  
questions of the models' app l icab i l i ty  w i l l  penslst.
Objectives and Hypotheses
A number of problem areas in our understanding of the bioaccumu- 
l a t ion  and transfer  of Kepone in aquatic ecosystems were iden t i f ie d  
in the above review. The present study was undertaken to provide 
information on some of these areas, using a crustacean {grass 
Shrimp) and spot food chain.
The major objectives of this study were to:
1} Determine the uptake and depuration rates for bioconcentration 
and dietary accumulation of Kepone by grass shrimp and spot;
2) Determine the ef fect  of increased food ration size on the 
dietary accumulation and bioconcentration of Kepone fo r  
both organisms;
3) Determine the assimilation eff ic iency of Kepone from food for  
both spedes and the effects of increased rat ion size on the 
assimilation ef f ic iency;
4) Determine the contribution of dietary Kepone to f ina l  residue 
body burdens for both species and the ef fects of increased 
ration size on th is  contribution;
b) Determine the app l icab i l i ty  of an accelerated tes t  procedure
(Branson et a1_., 197b) to determine bioaccumulation k ine t ics  
of Kepone- Gy spot;
6 ) Compare the dietary accumulation of Kepone by spot from a
Kepone-contaminated natural food source and an a r t i f i c i a l  
diet (Tetramln).
17
Completion of these objectives w i l l  al low the tes t ing  of a 
number of hypotheses, including;
1} tha t  the addit ion of a d ie tary  source of Kepone leads to  
a s ig n i f ic a n t  increase 1n f ina l  Kepone body burdens in 
both spot and shrimp when compared to  Kepone burdens from 
bioconcentration alone;
2} tha t  increased food ra t ion  s i te  w i l l  s ig n i f ic a n t ly  Increase 
the Kepone body burden in  spot and shrimp;
3) tha t  increased food ra t ion  size w i l l  s ig n i f ic a n t ly  Increase 
the d ie tary  Kepone contribution to  f ina l  spot and shrimp 
body burdens when water exposure remains constant;
4) tha t  there 1s a s ign i f ican t  di fference in d ie ta ry  accumulation 
of Kepone from a natural versus an a r t i f i c i a l  food source;
5) tha t  changes in contaminated ra t ion  size cause s ign i f ican t  
changes in Kepone assimilation e f f ic ie n c ie s  in spot and 
shrimp.
Definit ions and Experimental Rational
One of the major problems in reviewing the xenobiotic accumulation 
l i t e r a tu r e  is the Inconsistency in the usage of terminology. The 
terminology used in th is  paper is  consistent with that  outl ined by 
Brungs and Mount (1978).  Bioconcentration refers to the process 
whereby contaminants enter the organism d i r e c t ly  through the g i l l s  
or e p i th e l ia l  t issue.  Bioconcentration Factor (BCF) refers to the 
ra t io  of the contaminant concentration in the organism to that in 
the water.  Since Brungs and Mount did not present a term concerned 
with uptake of xenobiotics from food, I r e fe r  to th is  uptake as 
dietary accumulation. A Dietary Accumulation Factor (DAF) refers  
to the r a t io  of the concentration of contaminant in the organism to  
the da i ly  d ie ta ry  dosage level (Van Veld et  , 1984).  The da i ly  
dietary dosage is the concentration in the food times the ra t io  of 
the food weight of fered to organism weight,  A Bioaccumulation 
Factor as used by Bahner et a l . ,  1977 (defined as the concentration
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of Kepone 1n the predator/concentration 1n prey) Is not appropriate  
to use since i t  does not account for feeding ra te .  Both the BCF 
and OAF are based on steady state values of contaminant In the 
system. Bioaccumulation refers to the combined residue accumulation 
from food and water.
The experimental design of the present study follows that  of 
Macek et  a]_, (1979).  Uptake of kepone by grass Shrimp and spot 
were determined by exposure to l*C-Kepone in food and water alone.  
Combined uptake from both sources was investigated using l^C-Kepane 
contaminated food and unlabeled kepone in water. All  aqueous 
exposures were conducted using equal concentrations of kepone in 
water.  The food used In a l l  experiments was also contaminated with 
l^C-kepore at th is  same aqueous concentration. The accumulation and 
clearance of kepone by grass shrimp and spot were modeled using a 
ls t -order  pharmacokinetic equation, described in the materia ls and 
methods section. Use of th is  equation allowed the calculat ion of 
uptake and depuration rate constants. Application of these rate  
constants to the exposure concentrations allowed for  computation of 
BCF and DAF values and steady state body burdens, even though the 
organisms did not reach equil ibrium with the source of Kepone 
(Hamel 1nk, 1977).
Grass shrimp were used as a prey organism for a l l  feeding 
studies for  several reasons, F i rs t ,  they were easy to co l lec t  and 
contaminate with waterborne Kepone. Second, a l i t e r a t u r e  review of 
spot feeding studies indicated that the major food component in the 
juven i le  spot d ie t  were copepods and other small crustaceans (Parker,
1971; Sheridan and Livingston, 1979). Preliminary feeding studies
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indicated that  a ground shrimp food was readi ly  consumed by both 
spot and shrimp. Thus, th is  food source represented a natural food 
Item for both species,
A Kepone concentration in water of 0.04 ugf t  was used for  a l l  
aqueous exposures. Bahner et £l_, (1977) studied bioconcentration 
of Kepone by spot and grass shrimp from concentrations 1n water 
ranging from 0.02  to  G.U4 u y / i  for 21 days and found no s ign i f ican t  
toxic e f fec ts .  Thus, the 0,04 pg/t tes t  concentration was below 
a toxic level and s t i l l  allowed analytica l sen s i t iv i ty  by both 
radiometric and gas chromatographic methodology. The water 
concentration is s t i l l  greater  than the 5 to 7 ng/* found in the 
James Hiver because enough Kepone had to be presented to the organisms 
to allow bioaccumulation to detectable quant i t ies .
In t h e i r  uptake studies, Bahner et  ^ a K  ( 1977) found that  grass 
shrimp approached steady s ta te  with an aqueous Kepone concentration  
of 0,023 ug/i. in 10 to 20 days. Clearance studies indicated that  
up to 50% of the Kepone could be depurated in 2d days. I t  was f e l t  
that a 16-day exposure period followed by a 21 -day depuration phase 
would be adequate to describe the kinetics of Kepone bioaccumulation 
1n the shrimp, Bahner et a K  (1977) also indicated that a steady 
state for Kepone in spot was approached between 14 and 23 days fol lowing  
aqueous exposure. The time to one-half clearance was approximately 
28 days. Therefore, a 19-day exposure period followed by a 28-day 
clearance phase would be adequate to model Kepone bioaccumulation 
in spot,
One object ive of  this study was to determine the e f fe c t  of 
d i f f e r e n t  rat ion sizes on Kepone bioaccumulation by spot and shrimp.
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Thus, the Macek £ t  ,*1 .  (1979) experimental design was applied with 
two d i f f e r e n t  ra t ion  sizes f o r  both spot and shrimp* These experiments 
are designated as: Food Ration Size vs.  Kepone Accumulation-Spot 
and Food Ration S ize  vs. Kepone Accumulation-Shrimp. A review of 
the l i t e r a t u r e  Indicates tha t  maintenance d iets  f o r  f ish  vary with 
many b i o t i c  and a b io t ic  factors  ( P h i l l i p s ,  1969; Hastings, 1969).
ASTM guidel ines concerning bioconcentration te s t in g  are vague 
concerning the subject of food rat ions to be used during tests  
(ASTM, 1986) .  These guidel ines s ta te  only that  f i s h  should be fed 
a food tha t  w i l l  support s u r v iv a l ,  growth and reproduction and that  
excess food should be removed t h i r t y  minutes a f t e r  feeding, Hastings 
(1969) Ind icated a range of maintenance d iets  fo r  d i f f e r e n t  species 
between 0 ,3  and 1% body weight/day based on dry food weight/wet 
f ish  weight .  Since the food in the present study was approximately 
75* water,  th is  percentage range becomes 1,2 t o  Ait, based on a wet 
food weight/wet f is h  weight r a t i o .  Therefore, a 4% mean body 
weight ra t io n  s ize  would be close to a maintenance d ie t  and an 8% 
rat ion s ize  would al low fo r  some shrimp and f ish  growth. Dietary  
accumulation of Kepone by spot from a 20% ra t ion s ize  also was 
invest igated  to determine the e f fe c ts  of  an even la ryer  dose on 
f in a l  Kepone body burdens.
Kepone a ss im i la t ion  e f f i c i e n c i e s  fo r  both spot and shrimp were 
determined by the methods of  Grodzinski et  iO. (1 9 7 6 ) .  Assimilation  
e f f i c i e n c i e s  were ca lcu la ted  as both the percentage of Kepone 
assimi la ted of the t o ta l  fed and the percentage ass imi la ted of the 
amount ingested.  The former method al lows for  comparisons to  be 
made with both mass balance a ss im i la t ion  e f f i c ie n c ie s  from long-term
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experiments and computer-generated ass im i la t ion  e f f ic ie n c ie s  from 
these same experiments. Bruggeman et a l .  {1961) nave reported that  
the Is t -o rder  pharmacokinetic uptake rate  constant fo r  d ie ta ry  accumu­
lation is a measure of the absorption or ass im i la t ion  e f f ic ie n c y  
of an In jested compound.
Branson et ajk <1975) used an accelerated tes t  protocol to 
model bioconcentration o f  2 ,2 '  ,4 ,4 *  tetrachiorobiphenyl  by rainbow 
trout [ Salmo galrdneri  ) .  Accelerated te s t  re fe rs  to the determination  
of uptake and depuration k inet ics  using a much shorter  exposure test  
period than is normally used { i . e .  26 days uptake).  The authors 
computed uptake and depuration ra te  constants and a BCF fo r  a b-day 
exposure and 26-day clearance phase. Usiny these data they successfully  
predicted f ish  muse 1 e-concent rat ions of the chemical obtained  
during a 42-day exposure period. They f e l t  the use of accelerated  
tests coupled to pharmacokinetic bioaccumulation models could save 
much time and e f fo r t  in  obtaining bioaccumulation estimates.  A 
similar accelerated te s t  was conducted in th is  study to determine 
Us a p p l ic a b i l i t y  to bioconcentration and d ie ta ry  accumulation of 
Kepone by spot.
Many feeding studies in the past have used laboratory-  
contaminated a r t i f i c i a l  food sources as chemical vectors to  the  
oryanism, Van Veld ^  a U  (1964) used ^C-Kepone contaminated 
catfish chow to invest iga te  d ie tary  accumulation k inet ics  in channel 
cat f ish .  Use of a r t i f i c i a l  food sources has led to questions 
concerning the a p p l i c a b i l i t y  of these f indings to  the natural  
system. Questions ar ise  concerning d i f ferences in xenoblotic  
assimilation e f f ic ie n c ie s  by f ish  from a n a tu r a l ,  contaminated
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food source and contaminated, a r t i f i c i a l  food. Differences in 
l ip id  content between the two food types may also a f fec t  dietary  
accumulation k in e t ic s .  To examine these questions, two d i f fe ren t  
types of food were fed to spot for  19 days. Both were contaminated 
with the same concentration of Kepone. The natural food source was 
prepared by exposing l iv e  grass shrimp to l^C-Kepone contaminated 
water fo r  16-days. The a r t i f i c i a l  food source was tetramin f lake  
food coated with a l^C-Kepone contaminated corn o i l :  cod l i v e r  o i l  
mixture.  Fish were fed the same daily d ie tary  dose of each food so 
that uptake k inet ics  and f in a l  Kepone body burdens could be compared 
d l r e c t l y .
MATERIALS AND METHODS
Test Organisms
The tes t  organisms were ju v e n i le  spot ( Lelostomus xanthurus} 
captured by seine and non-ov1gerous grass shrimp ( Palaemonetes puglo) 
col lec ted  by push ne t .  All  organisms were collected in Santa Rosa 
Sound, F lo r id a ,  near the U.S. EPA Gulf Breeze Laboratory. All 
organisms were acclimated to experimental conditions 1n the test  
apparatus fo r  10 to 14 days p r i o r  to s ta r t -u p .  The mean wet weight 
of the grass shrimp was U.U92 mg (± 0,044 a, n = 6U). Spot used 
fo r  the Food Ration Size vs. Kepone Accumulation study had a mean 
wet weight of  2.49 g ( t  0.30 u, n c 416);  those used for the accelerated 
t e s t  had a mean weight of 1.9U y ( t  U.21 o, n = 120); and those 
used fo r  the comparison between natural and a r t i f i c i a l  contaminated 
food sources had a weight of 3 .13  g (± 0.46 c, n = 40).
Exposure Concentrations 1n Hater
The l^C-Kepone use<j these experiments was obtained from 
Pathf inder  Laboratory (S t .  Louis,  M0). The specif ic a c t iv i ty  was 
2 4 , ft uC1/pM. Kepone was p u r i f ie d  by TLC, using a LKbDF Whatman 
s i l i c a  gel p la te  and a 2 hexane: 1 acetone solvent system.
S c i n t i l l a t i o n  counts of p late  scrapings indicated 991 pur i ty ,  while  
a gas chromotaography check of the puri f ied stock indicated 9b% 
p u r i t y .  The unlabeled Kepone, ordered from the U.S. EPA Pesticides 
and In dus t r ia l  Chemicals Repository (Research Triangle Park (RTP), NC),
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proved 98% pure by gas chromatography. The primary l^C-Kepone stock 
solution was prepared in toluene/ethyl acetate (1 :3 )  at a concentra­
t ion of 484.6 ug/ml, while primary unlabeled stock was prepared 
in toluene at  104.5 ug/ml. All  waterborne Kepone exposures were 
prepared with a t r i e t h y l e n e  glycol (TEG) c a r r ie r  so lvent.  Aliquots  
of the primary stock solutions were measured Into f lasks and evaporated 
almost to dryness, then dissolved in the appropriate amount of  TEG 
to prepare secondary stock solutions for  tes t  exposures. A Kepone 
concentration of  u.04 ugf t  was used for  a l l  aqueous exposures.
l^C-Kepone Contaminated Food Preparation
Grass shrimp were exposed to aqueous l^C-Kepone a flow-through 
system fo r  16 days. Approximately 200 g of shrimp were dosed in each of 
six 60 Jt tanks. I n i t i a l  Kepone analysis showed no detectable Kepone in 
shrimp subsamples, A 15 t / h r  flow rate of seawater was maintained,  
^C-Kepone in TEG c a r r i e r  was metered in to  each tank at 10 ml/day by 
syringe pump. Water temperature was maintained at 23° C and a 14 
hr L:1Q hr 0 l ig h t in g  cycle was maintained. S a l in i ty  was not 
control led,  but was monitored throughout the exposure.
Four shrimp from each tank were analyzed a f te r  O.BB, 1,75.
3.50, 7 . 0 ,  14 ,0 ,  15.2 and 16.3 days of exposure. The shrimp were 
rinsed with clean water,  b lo t ted  dry, weighed and frozen for l a t e r  
radiometric ana lys is .  A f te r  16.3 days of exposure, surviving 
shrimp from each tank were netted,  rinsed and frozen as a group 
u n t i l  the Kepone concentrations could be determined and compared.
These shrimp served as the food source in the la te r  studies.
S t a t i s t i c a l  analysis indicated no s ign i f ican t  d i f ference In shrimp 
Kepone concentrations among tanks (ANOVA, a -  0 .0 5 ) .
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The Food Ration Size vs. Kepone Accumulatlon-Shrimp experiment 
was conducted immediately following the above s t a t i s t i c a l  analysis.
Since no d i f ference 1n shrimp Kepone concentration was seen among 
tanks, shrimp 1n one tank were ground and used as food fo r  th is  
experiment. The Kepone concentration in this food was 0.118 ug/g 
{ i  0.006 o ) , The shrimp remaining from the other f iv e  tanks were 
l a t e r  pooled in to  one group, ground in a blender and sampled for  
f ina l  Kepone concentration. This food mixture was frozen In  50 g 
packages for l a t e r  use in the spot Kepone accumulation experiments.
This food contained 0.101 ug Kepone/g ( i  0.003 o ) . Both batches of 
food were ground to achieve a more even d is t r ib u t io n  of Kepone to 
the test  organisms. The food was thawed In a small volume of water 
(50 ml) p r ior  to addit ion to the test  aquaria.  I t  was discovered 
l a te r  that  the two food preparations had not been ground to the 
same consistency. The food fed the f is h  was ground to a f in e r  
consistency than that  fed the shrimp.
Experimental Protocol
Kepone Accumulation vs Food Ration Size-Spot
The experimental protocol used to  determine re la t iv e  contributions  
of Kepone to spot by bioconcentration and d ie tary  accumulation was 
that outl ined by Macek f?t a\_, (1979).  lirass shrimp previously  
contaminated to  0.101 m9 l*C-Kepone/g were the d ie tary  source of 
Kepone, Frozen food was weighed, chopped and t ransferred to  Jars 
containing seawater where i t  was allowed to thaw before addit ion to 
tes t  tanks, Bioaccumulation was determined at food rations of AS 
and 8% mean wet body weight.
For each ra t ion ,  52 spot were tested in each of four treatments 
to determine the quanti tative importance of d ie tary  accumulation 
and bioconcentration of Kepone to whole body spot residues. The 
four treatments were dosed as follows: 1) 0.04  ug/Jt l*C-Kepone
contaminated water + clean food to measure bioconcentration; 2)
Clean water + ^C-Kepone contaminated food to  measure d ietary  
accumulation; 3) 0.04 ug/t  unlabeled Kepone contaminated water + 
l^C-Kepone contaminated food to measure contributions from each 
source 1n a combined exposure; 4) Clean water + clean food as a 
control.  These treatments wil l  be referred to as W, F, Wf and C, 
respect ively,  with a ration size p re f ix .  Thus, 4W indicates fish 
exposed to ^C-Kepone contaminated water and fed a 4 t  rat ion of 
uncontaminated food.
By using both labeled and unlabeled Kepone in  treatment three 
and analyt ical  procedures described l a t e r ,  i t  was possible to 
d i f fe r e n t ia te  between the two sources of Kepone, although they were 
presented simultaneously. A 15 i / h r  seawater f low rate was 
maintained to  each 60 t  aquaria.  Treatments receiving aqueous 
Kepone exposure were dosed at 1U ml/day by syringe pump. Actual 
ration size was adjusted throughout the experiment for f ish  welght-ga 
and f ish loss due to sampling. The flow-through apparatus and 
procedures were consistent with ASTM guidelines fo r  conducting 
bioconcentration tests (ASTM, 1984),  The tes t  was performed between 
May and Ju ly ,  1984,
Secondary uptake of l^C-Kepone excreted by the spot or leached 
from the food could play a role in Kepone accumulation by the f ish.  
Pizza and O'Connor (1983) reported that secondary uptake of PCB by
striped bass could account for only 1 . 7 t  of the body burden. To 
monitor th is  possible route of uptake, a fine-mesh Nitex basket,  
with four f is h ,  was ins ta l led  1n the 8F treatment tank.  These 
f ish ,  which received clean food fo r  the e n t i re  uptake phase, were 
analyzed fo r  l^C-Kepone and compared to f ish  which had fed on 
contaminated food during the same period.
The exposure phase of the experiment lasted 19 days, followed  
by a 28-day clearance phase. In accordance with ASTM guidel ines (1984} 
samples were taken during the uptake phase at geometric in te rv a ls  
s ta r t ing  at  day 0 ,8 8 .  Clearance samples were taken at ar i thmet ic  
in tervals  beginning with day 19. This resulted In a sampling 
schedule of 0.88,  1.75,  3 .50 ,  7,  14,  17 . b and 19 days fo r  the 
uptake phase and 19, 26, 33, 40 and 47 days for  the depuration 
phase. Four f ish were collected from each test  aquarium per sampling 
period, when possible.
Fish were sampled p r io r  to feeding so that they were able to  
purge any food from t h e i r  systems. Fish were removed, r insed,  
blotted dry and k i l l e d  by p i th ing.  Wet weights and standard lengths 
were recorded and the f ish were frozen fo r  l a te r  ana lys is .  These 
data allowed for the calculation of a f ish  condit ion index (K) by 
the formula (Parker,  1971):
K -  Weight x  10*1 
Length^
All t issue Kepone concentrations were expressed as m9 Kepone/g 
whole-body wet weight.  Fish sampled at the s ta r t  and at the end of 
the uptake and clearance phases were analyzed fo r  to ta l  l i p i d s ,  
neutral  l i p i d s ,  g lycol ip ids  and phospholipids.
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Kepone Accumulation vs Food Ration S1 ze-Shrimp
The same genera! experimental design was used as in the spot 
experiments. Because of the l im ited amount of radiolabeled food 
ava i lab le ,  the design Involved only f iv e  treatments: 1) ^C-Kepone
contaminated water + 41 clean ra t ion ;  2 )  unlabeled Kepone contaminated 
water + l^C-Kepone contaminated food-41 ra t ion ;  3) unlabeled Kepone 
contaminated water + l^C-Kepone contaminated food-81 rat ion;  4) 
uncontaminated water + l^C-Kepone contaminated food-4% rat ion;  5) 
uncontaminated water + clean food-4* r a t io n .  These treatments w i l l  
be referred to with the same mnemonics as In the spot Study. Thus,
8FW refers to  shrimp fed an 81 rat ion of contaminated food and exposed 
in Kepone laden water.  The contaminated food source was shrimp 
containing 8.118 yg l^C-Kepone/g from the i n i t i a l  Kepone food 
contamination. Da ily  food preparation was Ident ical  to that  used 
for spot.  With th is  design, I t  was possible to compare rat ion size  
ef fects  in combined exposures (4FH and 8FH) and also single exposure 
versus combined exposure at the 41 rat ion size {4W and 4FW; 4F and 
4FW).
T h i r t y - f i v e  grams of grass shrimp were placed in each 6U L 
treatment aquarium. All  flow rates and physical parameters were 
the same as in the spot experiment. The experiment was conducted 
between December 1983 and January 1984, A Nitex basket was placed 
in the 4F treatment to monitor secondary uptake. Shrimp In th is  
basket were fed clean food and were analyzed at day 16. Dissolved 
oxygen concentrations were measured inside and outside the basket 
to  insure adequate water exchange.
Shrimp samples were taken on days 0 .88 ,  3 ,6 ,  7 .0 ,  14, 15 and 16
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during the uptake phase and days 7,  14 and 21 of the clearance phase.  
Eight shrimp were sampled from treatments 1 and 4.  Since s e n s i t i v i t y  
of the gas chromatographic method was low, shrimp from treatments 2 
and 3 were pooled into four  0,6 g-samples for  each sampling period.
At each sample period, a to ta l  of Q.6 g of grass shrimp was taken  
f r o m  each treatment to keep the biomass consistent among treatments.  
Shrimp from treatments 1 and 4 not used for analysis were disposed 
of as solid 14C-Kepone contaminated waste. Shrimp were also sampled 
for l ip id  analysis at the  start  and the end of the uptake and 
clearance phases.
Assimilation Ef f ic iency Determinations-Spot and Shrimp
Spot used in the ass imilat ion studies weighed an average of  
2.36 g (± 0 .64  ot n * 6 0 ) .  Individual shrimp weights were not 
recorded. The small s ize of individual shrimp and d i f f i c u l t i e s  in 
weighing extremely small ration sizes necessitated using a pooled 
mass of shrimp as the experimental uni t  In each treatment.  Feeding 
could then be based on the total  weight of shrimp per t reatment,  
tn e f fe c t ,  the assimi la t ion e f f ic iency of a small population of 
individuals was determined.
These experiments were conducted at 23° C and ambient s a l i n i t y .  
One-gallon p ick le  jars with screened holes near the bottom were used 
as test vessels.  The screen allowed for water exchange but reta ined  
organisms and t h e i r  food. The jars were placed in a large glass 
tank receiving 16 t /h r  f i l t e r e d  seawater. A var iab le  level overflow  
siphon 1n the large tank regulated timed f lushing of the p ick le  
j a r s .
There were three d i f fe re n t  food types used in d i f f e r e n t  port ions
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of the ass imi la t ion study. The f i r s t  was the f i n e l y  ground food 
source used in  the spot r a t io n  size vs Kepone accumulation study.
As outl ined in the food preparation study, th is  source was prepared 
by grinding shrimp from f i v e  tanks. Indiv idual  food p a r t i c l e  size  
was very small to Insure an even d is t r ib u t io n  of  radiolabeled food 
among the f i s h .  The second food was the more coarsely ground type 
used in the shrimp rat ion s ize  vs Kepone accumulation study.  The 
Kepone concentrations in the two types of food preparations were 
not s ig n i f i c a n t ly  d i f f e r e n t .  A t h i r d  type of food was Kepone 
contaminated f lake  f ish food. A descr ip t ion of  th is  food is  given 
in the section concerning the comparison of the uptake of Kepone by 
spot from a natural and a r t i f i c i a l  food source.
Several d i f fe ren t  treatments were u t i l i z e d  in the ass im i la t ion  
e f f ic iency  experiments. Shrimp were isolated from th e i r  fecal  
material  and fed ei ther  a 41 ration or an 8% r a t io n  of coarsely or 
f in e ly  ground food ( 1) (The numbers in  parentheses correspond to 
experiment numbers In Table 6 ) .  The shrimp were sac r i f iced  a f te r  
2 4  hours to determine the percentage of the t o t a l  Kepone fed which
they had incorporated in to  th e i r  bodies over a 2 4  hr per iod.
Another group of shrimp were fed e i t h e r  a 41 or an 81 r a t io n  of 
contaminated f in e ly  ground food followed 24 hrs l a te r  by the  same 
ra t ion  of clean food ( 3 ) .  These shrimp were sac r i f iced  a f t e r  48 
hrs to determine i f  a 24 h r  sampling period was adequate f o r  clearance  
of unassimilated Kepone contaminated food from the gut. A th i rd  
group of shrimp were al lowed access to  th e i r  fecal  materia l  and fed
e i th e r  a 4% or  an 81 r a t io n  of f in e ly  ground food ( 2) ,  These
shrimp were sacr if iced a f t e r  24 hr t o  determine i f  fecal re lngest ion
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could increase ass im i la t ion  e f f i c i e n c y .
Two s t a t i c  experiments were also conducted. One l i t e r  beakers 
f i l l e d  with f i l t e r e d  seawater a t  23°C were used In  these s t a t ic  te s ts .
One group of  beakers received shrimp and a 4% f i n e l y  ground food 
ra t ion  fo r  1 ,5  hr ( 5 ) .  Another group received the same ra t ion  of 
food with no shrimp (A} .  Water (0 .4  p f i l t e r e d ) ,  food and shrimp 
were analyzed for  t o t a l  kepone. These two experiments were designed 
to Inves t iga te  the p a r t i t i o n in g  of  Kepone from the food to the 
water (4) and to determine the amount of Kepone a c tu a l ly  Ingested 
by the shrimp from the food source ( 5 ) ,
The spot Kepone a ss im i la t ion  experiments were s im i la r  to the 
shrimp experiments in design. Data from Experiment ( 6 ) yielded the 
amount of Kepone ingested from food by spot at each ra t ion  size in 
3 h rs .  Combined with data from Experiment ( 7 ) ,  which estimated 
ass im i la t ion  over 24 h r ,  determinat ions of both a Kepone assimilation  
e f f ic ie n c y  based an amount ingested and an e f f ic ie n c y  based on the  
t o ta l  amount of Kepone offe red could be made. The l a t t e r  e f f ic iency  
is  important because i t  can be compared d i r e c t l y  with the e f f ic iency  
predicted by the BIOFAC model fo r  the lony term study. {K3 x 1UQ x 
time -  Bruggeman ert al_, , 1981),  Experiments (10) and (11) were s ta t ic  
experiments conducted the same way as the shrimp s t a t i c  experiment 
( 4 ) .  Data from these two experiments y ie lded estimates of the 
r e l a t i v e  p a r t i t i o n in g  of Kepone from the coarsely and f in e ly  ground 
food to the water.
One experiment was conducted at the 8% ra t ion  size with f in e ly  
ground food to  determine the 24 hr Kepone ass im i la t ion  e f f ic ie n c y  
when spot were Iso la te d  from t h e i r  fecal mater ia l  (8 ) .  Twenty-four
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hour Kepone assimilation e f f i c ie n c ie s  for  spot fed a coarsely  
ground food and an a r t i f i c a l  food at  the 8% ra t io n  were also determined 
( 9 ) ,  All  Kepone assimilation e f f ic ie n c y  experiments fo r  spot were 
based on o n e  feedjny at the beginning of each t e s t .
Accelerated Test -  Spot
The a p p l ic a b i l i t y  of an accelerated tes t  methodology to  
measurement of d ietary accumulation and bioconcentration of Kepone 
by spot was also tested. Three 6U t  aquaria with 40 spot each were 
maintained in a flow-through system at  23e C. Flow rates and physical 
parameters were the same as in the long-term ra t ion  size studies.
The f ish  were dosed as fol lows;  1) uncontaminated water + 4% rat ion
of l^C-Kepone contaminated food (4F);  2) uncontaminated water + 8%
rat ion of l^C-Kepone contaminated food (8 F); 3) 0 ,04  ug/t  unlflbeled 
Kepone contaminated water + 20% rat ion of l^C-Kepone contaminated food 
( 2QWF) (three separate feedings/day) .  A l l  contaminated food was from 
the same source as that in the long-term food only (4F, 8F) rat ion  
size experiments (U.1U1 ug /g ) .  Four f ish  were sampled from each 
aquarium on day 1, 2,  3 and 4 of  the uptake phase and day 5,  10, 15 
and 2 0  of the depuration phase. Fish were analyzed for l ip id s  at
the s ta r t  and end of the uptake and clearance phases.
Radiometric analysis of f ish  from the f i r s t  two tanks yielded  
data to  compute uptake and depuration ra te  constants and d ietary  
accumulation fac tors ,  using the BIOFAC computer model. These 
values were then compared to the same values derived from the 
long-term food only (4F,8F) ra t ion  s ize study, F1sh from the t h i r d  
tank were analyzed by combined gas chromatographic/radiometric  
methodology to determine bioconcentration and d ie ta ry  accumulation
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kinet ics at a larger rat ion s l 2e. Rate constants computed by
BIOFAC from these data were compared to  constants derived from the
long-tenn ration size experiment. The d ie tary  accumulation at  the 
large ration size gave addit ional  information on dietary contributions  
to Kepone bady-burdens.
Dietary Accumula t ion of  Kepone by Soot f rom Natural and
A r t i f i c i a l  food Sources
The natural food source for  th is  study was the same as that  
used in  the spot food rat ion vs Kepone accumulation study (0.1U1 
ug/g) .  The a r t i f i c i a l  d ie t  was a f lake  f ish  food contaminated by
the method of Van Veld et al_„ (19B4).  Seventy u* of l^C-Kepone
in toluene/ethyl acetate (1 :3 )  was pipetted into a concentrator tube 
(concentration = 4B4.6 ug Kepone/ml solvent) .  The solvent was 
replaced by a 1 mi solution of a 1:1 mixture of cod l iv e r  o l l ic o rn  
oi l  and mixed thoroughly. This solution was then pipetted onto 
56.6 g of Tetramin contained in a fo11-Hned j a r .  The j a r  was then 
shaken for 20 minutes and 10 250-mg samples were taken for radiometric 
analys is .  The food averaged U.477 ug Kepone/g (± 0.002 o) on a dry- 
welght basis or 0.105 ug ( i  0,006 o) on a wet-weight basis, The 
conversion from dry weight to wet weight basis was based on e a r l i e r  
studies which showed that the shrimp food source used in the e a r l i e r  
spot experiments was 7BS water.
Two test aquaria containing 20 spot each were placed 1n a 
23° C water bath. All f low rates and physical parameters were the  
same as 1n the e a r l i e r  studies.  For f i v e  days pr ior  to the I n i t i a l  
exposure, the f ish  were fed uncontaninated food of the same type 
they would receive during the exposure. During the exposure phase.
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f is h  in ore tank were fed a 20% ration of naturally  contaminated 
food, while f i s h  in  the other tank were fed a 20% ration (wet-weight  
basis) of contaminated a r t i f i c i a l  food. The dai ly  rations were 
del ivered in three equal port ions. The 2Q% ration was used to test  
the e f fe c t  of increased rat ion size on Kepone accumulation by spot,
A f is h  basket to  monitor secondary uptake was placed in each tank,
A t h i r d  group of f is h  were fed a 20% ration of uncontaminated food 
as a c o n t ro l .
Fish were fed for 19 days at which time the experiment was 
terminated.  Total  Kepone per day and to ta l  ration were the same 
fo r  both tanks when expressed on a wet-weight basis.  The ration  
was adjusted throughout the experiment according to f ish growth and 
number of f ish  removed fo r  analysis.  Four f ish were analyzed from 
each treatment on day 3 .5 ,  7,  14, 17.5 and 19, Samples for l i p i d  
ana lys is  were co l lec ted  on days 0 and 19. All  samples were analyzed 
fo r  Kepone by the radiometric methodologies described below.
Sample Analysis
Radiometric Analysis -  Tissue
Shrimp from the ra t ion  size vs Kepone accumulation experiment 
were analyzed In d iv id u a l l y ,  For the assimilation studies, shrimp 
from each treatment j a r  (mean wt.  = 2.0  pooled grams) were analyzed 
as a group. Fish were analyzed Ind iv idually  from a l l  the spot 
experiments. Ind iv idual  shrimp samples were analyzed wet. The 2-g 
pooled shrimp samples and spot samples were freeze-dried before 
ana lys is ,  which allowed for  calculat ion of percentage moisture for  
both species.
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Samples were combusted to CO? using a Packard Tr1-Carb Sample 
Oxid izer .  Burn t ime varied from 1 to 1.5 minutes, depending on 
sample s ize .  The ^4C02 was trapped 1n Carbosorb and mixed with  
Permafluor automat ica l ly .  Recovery e f f ic ienc ies  were 97.61 (± 0.3  
a, ii « 10) for the wet shrimp samples weighing less than ZOO mg and 
92.01 (± 2.8 o, n = 12) fo r  the dry samples weighing between 200 
and 1000 mg. All  Kepone concentrations were corrected for  recovery 
e f f ic ie n c y  and quench.
Samples were counted on a Beckman LS80U0 l iqu id  s c i n t i l l a t i o n  
counter for  10 minutes or u n t i l  a 2a error  of 21 was a t ta ined .
Backgrounds for the combusted samples were 76.9 cpm at a 2o error  
of 7 .211 .  The leve l  of detection for these samples, at a specif ic  
a c t i v i t y  of 112,000 dpm/ug ^C-Kepone, was 0.00015 ug or 16.8 dpm
based on a counting e f f ic ie n c y  of 75% (APHA, 1981).
Radiometric Analysis -  Mater Samples
Water samples (1 * )  were extracted with twenty-f ive ml of  
toluene, shaken f o r  3 minutes and allowed to stand at least  1 hr .
A 5-ml subsample of  the toluene layer was pipetted In to  15 ml of
PCS cockta i l  in  a 20-ml s c i n t i l l a t i o n  v i a l .  The samples were 
counted on a Beckman LS8Q0U l iqu id  s c i n t i l l a t i o n  counter. Replicate 
spiked water samples indicated a recovery e f f ic iency from th is  
method of  94.8% (± 0,4  o ) .  Hater sample background was 52.7  cpm 
with a 2o error  of 4.35%. At a counting e f f ic iency of 95%, th is  
method had a minimum detect ion l im i t  of 0.2  ng / t ,  based on a one 
l i t e r  sample and an a = 0 ,05 .  All  aqueous Kepone concentrations 
were corrected fo r  recovery e f f ic iency and quench.
36
Gas Chromatographic Methodology -  Tissue Samples
Samples of f ish and shrimp from the 4MF and SHF treatments 
were analyzed by combined gas chromatographic/radiometric methodology. 
Mean shrimp sample weight was 0 .5  g (6 -8  shrimp); f ish weights 
ranged from 2 to 6 g wet weight.  Whole f is h  were homogenized to  a 
slurry p r io r  to analysis.
When removed from the test  system, organisms were patted dry,  
weighed and frozen. Frozen samples were thawed and t ransferred t o  
centri fuge tubes. Each sample received 10 ml of extract ion solvent  
(1:3 toluene/ethyl aceta te ) .  The sample was allowed to solvate for  
24 h r .  Each sample was then homogenized in a Brinkman Polytron and 
centrifuged for  15 min. The solvent was decanted to a second t u b e .
The homogenized t issue was washed twice more with 5 ml of extract ion  
solvent.  Each time the sample was shaken for 2 m1n and centrifuged  
The solvent was decanted to the same tube as the f i r s t  ex t rac t ion .
The extract  was then evaporated under nitrogen. A f te r  adding 
t h i r t y  ml of petroleum ether ,  each tube was capped and allowed to  
stand 1 hr .  In a fume hood, 5 ml of fuming s u l fu r ic  a d d  was added 
to each tube. The tubes were capped and shaken vigorously for 16 
min on a sample rota tor .  The sample was centrifuged for 15 m1n and 
the petroleum ether fraction was t ransferred to a th i rd  centri fuge  
tube. This procedure was repeated twice more with lu  ml washings 
of petroleum e ther .  The petroleum ether was evaporated under 
nitrogen and 1.0 ml of eluent solvent I (1:19 acetone/benzene} was 
added. The tubes were capped, shaken vigorously and re f r igera ted  
u n t i l  clean-up by column chromatography.
The chromatographic columns were 300 mm by 11 m  ( i . d . )  with
t e f lo n  stopcocks. Columns were packed and rinsed with benzene.
Each contained a glass-wool plug, 5 g of F l o r i s i l  and a 2 g anhydrous 
sodium sulfate covering. F lo r is i l  was oven-dried before use. The 
sample was applied to the column and 5U ml of eluent solvent 1 was 
added. Just before the column went dry,  70 ml of  eluent solvent I I  
(1:9 methanol/toluene) was added. The eluate was col lected,  evaporated 
and redissolved In an appropriate volume of 1% methanol/toluene ( 2 ,
5 or 10 ml depending on estimated Kepone concentrat ion) .  The sample 
was then ready for gas chromatographic or radiometric analysis.
One half of the extract was counted in a 20 ml s c i n t i l l a t i o n  
v ia l  with 16 ml PCS s c in t i l l a t io n  coc k ta i l .  The sample was counted 
for 10 min or a 2o error of 2.0% as previously described. A portion 
of the remaininy extract  was analyzed on a HP5840 GC with EC detector  
(63nI)  using a 5% 5E-3U on Chromosorb w/AW OCMS column (1.83 m x 2 mm 
i . d . ) .  Injection temperature was 275°C„ with a P-10 flow rate of 
30 ml/min.
Recoveries from spiked samples averaged 67.0% (± 5.3 a) for  
labeled Kepone and 66,2% (± 10 .3o) for unlabeled Kepone for the 
shrimp samples. Hecovery ef f ic ienc ies  for the spot samples were 
lower and more var iable ,  averaging 61.5% (+ 1 3 .8o) for labeled 
Kepone, The low recovery eff ic iency for the spot samples was 
thought to be due to the i n a b i l i t y  of the l ip id  clean-up method 
(fuming sulfuric ad d )  to remove the l i p i d  interferences from these 
samples. I t  should also be noted that the sample combustion method 
was much more e f f i c ie n t  for analysis of HC-Kepone than the GC method. 
The l im i t  of detection for  the gas chromatographic method in th is  
combined procedure was 0 .Q02 ug/g, while for the radiometric method
38
i t  was 0.001 ug/y, based on the smallest sample analyzed (500 mg).
All  shrimp and f ish Kepone concentrations were corrected f o r  recovery 
e f f ic ien cy .
Gas Chromatographic Methodology -  Water Samples
Hater samples were extracted the same way as the radiolabeled  
water samples. Column chromatography was unnecessary fo l lowing the 
toluene extract ion.  Duplicate samples containing ^C-Kepone were 
analyzed by both gas chromatographic and radiometric  methods to  
compare the two methods. Radiometric analysis of these samples 
gave a mean Kepone 1n water concentration of U.Q42 py / t  (± U,U02a,  
n = 10} ,  while yas chromatographic analysis indicated a concentration  
of U.U41 ugf i  ( i  0.003 o, n -  10) ,  These values are not s ig n i f ic a n t ly  
d i f fe ren t  ( t - t e s t ,  a = 0 .0 5 ) ,  ind ica t ing  that  the methods produce 
equivalent estimates of Kepone concentration.
Lipid Analysis
Lipid samples were analyzed with a modified Bligh-Dyer method 
taken in part from Kates (1972).  Samples were homogenized in a 
centri fuge tube using a Brinkman Polytron. Th i r ty  ml of ext rac t ion  
solvent I (U.B d i s t i l l e d  water : 1 CHCI3 : 2 MeOH) were added with  
part of the 0.8  water portion represented by the organisms' moisture.
The sample was sonicated for 10 min and allowed to  stand at leas t  
12 hr.  The mixture was then centri fuged a t  15DD rpm and the solvent  
layer decanted. The sample was washed twice with 10 ml of ext ract ion  
solvent I ,  with each washing sonicated 5 m1n, centri fuged and 
decanted Into  the same solvent tube as the or ig ina l  e x t rac t .  The 
combined extracts were then d i lu ted  with 30 ml of  a 1:1 mixture of
ChCl3 and water.  This solution was centrifuged and the bottom layer  
of chloroform was pipetted into a round-bottom f lask  through a 
Whatman #l f i l t e r  containing anhydrous sodium s u l fa te .  The solution  
was concentrated by rotary evaporation at 35“ C. The concentrate 
was then q u a n t i ta t iv e ly  t ransferred to a tared test  tube, evaporated 
to dryness, and weighed to determine t o ta l  l ip i d s .
The to ta l  l ip ids  were redissolved 1n 2 ml chloroform and a 
200 v l  sample was removed to determine to ta l  r a d io a c t iv i t y .  The 
remaining l ip i d  solut ion was chromatographed using a 1.1  cm diameter 
column containing 1 g act ivated Unlsi l  (Clarkson Chemical Co., 
Will iamsport,  PA). Neutral l ip id s  were eluted with 10 mt ChCl3 , 
glycol 1 p id& with 10 ml acetone and phospholipids with lu  mi methanol. 
Each l ip i d  f rac t ion  was col lected in a tared tes t  tube, evaporated 
to dryness, weighed, redissolved in ChCl3 and counted fo r  rad ioact iv i ty
S ta t ls t ies
Changes in spot weight,  length and condition index over the 
duration of a tes t  were analyzed by a one-way ANOVA followed by a 
Duncan’ s Mult ip le  Range tes t  (Sokal and Rohlf ,  1969).  The alpha 
l e v e l ,  unless otherwise stated, was 0 .05 .  Percentage growth was 
compared with an ANOVA a f t e r  arcsine transformation (arcsine of the 
square root of the va lu e ) .  Assimilation e f f i c ie n c ie s ,  to ta l  l ip id  
percentages, and constituent l ip i d  percentages were compared using 
an ANOVA a f t e r  arcsine transformation.
Ef fects of rat ion size on Kepone concentrations were evaluated 
by a simple t - t e s t  for  each sampling date.  The alpha level was 
0.05 unless otherwise stated.  All s t a t i s t i c a l  analyses were performed 
using the s t a t is t i c s  package developed by the SA5 In s t i t u t e  (SAS
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In s t i t u t e ,  1932),
Pharmacokinetic Model
The bioaccumulatlon experiments 1n th is  study were designed to 
determine uptake rates,  clearance rates and bioconcentrat1 on/d1 etary 
accumulation factors at steady state for spat and grass shrimp 
exposed to Kepone, Accumulation of a non-metabol1zable p o l lu tan t  
by aquatic organisms can be adequately described by a f i r s t - o r d e r  
kinet ic  model (Blau et a]_., 197b; Branson et  ^ al_„, 1975; Blanchard 
et a U ,  1977 ; Hameiink, 1977; Bruggeman et a3 . ,  1981; Pizza and 
O’ Conner, 1983).
The pharmacokinetic f i r s t  order model is of the form:
dC0 / dt = K3Q + iq c *  -  k2C0 {1)
where:
C0 “ concentration 1n organism
Q = da i ly  d ie tary  dose = Cf  (food wt o f fe re d / f is h  wt * time)
Cf -  concentration 1n food
Cw =■ concentration in water
K| =■ uptake rate  constant from water (day " )
K3 -  uptake rate  constant from food (day *  )
K2 = clearance rate  constant (day- 1 )
For a constant aqueous concentration without d ietary exposure,
the concentration in the organism at time ( t )  a f t e r  the s t a r t  of the
exposure can be given by:
C0( t )  = \  ' Cw • (1 -  e” lt2t ) (2)
*2
Likewise, for a constant food concentration without water exposure, 
the concentration in the organism at time ( t )  can be given by:
C0{ t )  = £3 ■ g • (1 -  e - ^ )  (3)
The da i ly  d ietary dose represents the total  amount of food of fered  
the organism while the specif ic uptake rate constant is a measure
of the xenobiotU assimilation eff ic iency from that  food (Bruggeman 
et al_., 1981).  Both equation (2) and (3) are obtained by Integration  
of the appropriate parts of equation ( 1) for  food or water uptake,
A computer program cal led BIQFAC was developed by Dow Chemical 
Company (Blau and Agin, 1978) using the above model to describe  
accumulation of pollutants by aquatic organisms. The program was 
f i r s t  described by Blanchard et  ^ aK  (1977) who used i t  to model 
uptake, clearance and bioconcentration of ^ C -sec *b u ty l -4 -  
chiorodiphenyl oxide 1n rainbow t ro u t .  The program yielded estimates 
for uptake ra te ,  clearance rate  and BCF similar  to graphical and 
hand calculated b e s t - f i t  methods.
The program uses a nonlinear regression method to f i t  an uptake 
and clearance curve to whole-body concentration of a xenoblotic 
measured over time, BIQFAC treats  the data In such a way that  the 
effect  of any lack of homogeneity in the data is  minimized and 
provides, not only the maximum likelihood values fo r  parameters, 
but also estimates of the goodness-of-fi t  of the l in e  to the data.  
Inputs for  th is  program include t issue concentration for each 
indiv idual,  time of sampling, a time-weighted average exposure 
concentration and the duration of exposure. Outputs include estimates 
of uptake and depuration ra te  constants, bioconcentration or dietary  
accumulation factors ,  time to reach 9Ui equalibrium and T^/2 for  
clearance. To my knowledge, th is  is the f i r s t  published study 
which applies this program to dietary accumulation.
One advantage of using a f i rs t -o rd e r  k ine t ic  model is  that  a 
steady state accumulation factor can be calculated without extending 
the test  unt i l  the organism actual ly  reaches steady s ta te .  This is
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especial ly  helpful In dealing with sonte of the more persistent  
chemical5 , such as DDT, PCB and Kepone, which take a long time to 
e q u i l ib ra te  1n organisms. In the model, the accumulation factor 1s 
simply Kj or K3 divided by the clearance rate  ( It?),  as can be seen 1n 
equations (2) and (3) above. Thus, th is  model has an advantage as 
a predict ive  tool over descr ip t ive  models such as that  used by 
Sahner and Oglesby {1979),  which treats  the last  day of uptake as 
the point of steady s ta te .  For highly bioconcentrated materials  
which take a long time to reach steady state ,  the flahner and 
Oglesby approach would consistently  underestimate the bioconcentration 
p o te n t ia l ,  unless the exposure period was long enough to allow the 
organism to reach steady state with the contaminant.
RESULTS
Exposure Concentrations and Physical /themleal  Conditions
There were no s ig n i f ic a n t  d i f ferences 1n food or  water concentra­
tions o f  Kepone among the various experiments based on an ANOVA. The 
aqueous concentration ranged from 0.039 to 0,043 ug/£» while the food 
concentrations ranged from 0.101 to 0 .118 pg/g (Table 1) ,
Temperature was contro l led  a t  23 .0°C,  with an actual range from 
22,9 to  23,4°C (Table 2 ) .  S a l i n i t y  var ied  from 21.3  to 27 .5° /ao.
Oxygen concentrations were near saturat ion while pH ranged from 7.5 
to 7 .9 .  An ANOVA on the exposure condit ions during each experiment 
showed no s ig n i f ic a n t  d i f fe rence  among treatments within  any experiment.
^C-Kepone Contaminated Food Preparation
The s i m i l a r i t y  in whole body shrimp Kepone concentrations at  each 
sampling time in a l l  s ix  exposure tanks indicates good exposure control 
{Figure 1) .  An ANOVA on the l a s t  three sampling dates indicates no 
s ign i f ican t  d i f fe rences  in shrimp concentrations among tanks. Average 
shrimp Kepone concentration determined by radiometric  analysis of  ind i ­
vidual shrimp a t  the end of  exposure was 0,141 ug/g (± 0,014 o; n = 24). 
This concentration is higher than the concentration In the food a f te r  
i t  had been ground to a f ine  consistency (0,101 ug/g + 0.003 o; n = 10),  
Kepone concentration appeared to  decrease during food preparation.
The uptake ra te  constants f o r  Kepone fo r  the s ix  groups of  
shrimp ranged from 221 tD 378 day" 1 (F igure  1) .  In order fo r  the
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Figure 1. Whole body Kepone concentration of  shrimp exposed f o r  16 
days to 0.04 ug/i, ^C-Kepone in water during the food 
contamination exposure. Curves (± s td .d e v . )  for s i x  t r e a t ­
ments plus estimates of  uptake rate constants {K-|).
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BIQFAC model to estimate an uptake rate  constant, some I n i t i a l  
estimate must be calculated for both uptake and clearance rate 
constants. I n i t i a l  estimates for  the clearance constant were taken 
from the long-term shrimp uptake/depuration study. The mean uptake 
rate constant calculated for the six treatments was 282 day"! (±52 0 ) .
During the exposure period, heat k i l l e d  shrimp, placed in a 
basket in one exposure tank, were sampled every hour fo r  four hours 
and analyzed to determine possible Kepone contamination by sorption.
No Kepone was detected in any of these shrimp (n = 16) .  This indicates  
that sorption of Kepone from the water by the food would not be a 
l i k e ly  source of contaminant to organisms 1n the l a t e r ,  long-term 
exposure studies.
Kepone Accumulation vs Food Ration Size -  Spot
Fish Size and Condition
Kean weights of spot at the s ta r t  of the experiment ranged 
from 2.41 to 2.65 g (Table 3 ) .  The overall  mean weight at  the 
s ta r t  was 2.49 9 (±0.30 o, n = 416) ,  Standard lengths were not 
measured on day 0 to minimize f ish  handling. There were no 
s ign i f ican t  di fferences in spot weights among treatments at the 
s ta r t  of the uptake phase. There were no s ig n i f ican t  differences  
in spot weights or standard lengths among treatments at the end 
of the uptake phase. At the end of the uptake phase f ish  were 
somewhat l ig h te r  than at  the s t a r t ,  although the di fference In 
weight was not s t a t i s t i c a l l y  s ig n i f ic a n t .  Growth was poor, even 
for  controls ,  during the uptake phase. In a l l  but one case, f ish  
fed the 8% rat ion  size were somewhat heavier than those fed the
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small ra t ion .  In every case, the BI ration group f ish had a 
greater weight change than the 41 ra t ion  group.
S ta t is t ic a l  analysis of f ish samples taken at the end of the 
clearance phase Indicated s ign i f ican t  differences among treatments 
in f ish  weight and standard length (a -  0 , 0 1 ) .  A Duncan's multiple  
range tes t  Indicated that  the major portion of th is  d i f ference was 
a t t r ib u ta b le  to the 4H and 8W treatments. In these treatments,  
f ish fed the 8% rat ion were s t a t i s t i c a l l y  heavier and longer than 
those fed the 4% ra t ion .  Fish from the other paired treatments 
were not s t a t i s t i c a l l y  d i f f e r e n t ,  although weight gain was generally 
greater for  f ish  receiving the large ra t ion .  In addit ion ,  f ish  
from the 8W treatment were s t a t i s t i c a l l y  larger  at the end of the 
experiment than at the s t a r t .
Pr io r  to  combustion, 157 f ish  which had been exposed to  
l^C-Kepone only were freeze dried to determine percent moisture. An 
ANOVA of arcsine transformed percent moisture data Indicates that ,  
through day 40, there were no s t a t i s t i c a l  d ifferences between 
f ish  fed the two rat ion s izes,  tty day 47, f ish  fed the 4% 
rat ion had a s ig n i f ic a n t ly  greater percent moisture than those fed 
the 8% ra t ion ,  reyardless of the route of Kepone exposure. Also, 
there was a s ign i f icant  decrease in percent moisture over the 
experimental period for f ish  fed the large ra t ion .  This indicates  
tha t  f ish  fed the 81 rat ion were in somewhat bet ter  health than 
those receiviny the 4% rat ion  s ize .
The average condit ion index at day 0,88 fo r  f ish  receiving  
the 4% rat ion  was 1.76 {± U.2Q o, n *  183), while f ish  receiving  
the 81 ra t ion  had an average index of 1.78 0.14 a, n ■ 186),  At
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the end of the clearance phase, mean condition Index for  f ish  fed 
the 4 i  and 8X r a t io n  Mas 1.85 (± 0.14 o, n > 38) and l.BB 
( t  0 .14  o, n -  3 8 ) .  There was no s ig n i f ican t  change 1n condition  
index of f ish in  any tank during the experiment [1 . e ,  -  from day 
0.88 to day 19 or from day 19 to 47) .  There was no s ig n i f ic a n t  
difference between condition index for  f i s h  In the various treatments 
at any sampling da te .  These condition index values are not d i f f e r e n t  
than that  for a wi ld  spot population captured p r io r  to the t e s t ,  
which had a mean condit ion index of 1.93 ( t  0,12 a , n = 54) ,
L ip id Content
Spot at the s t a r t  of the ration s ize  experiment had a mean 
percent to ta l  l i p i d s  of 4.2 (± 1.1 a) ,  based on dry weight (Table
4 ) ,  Of th is  t o t a l ,  3.71 ( t  1.9 cf) were neutral  l i p i d s ,  5 1 .5X 
(± 2 .6  o) were glycol ip ids and 45.01 (± 1,4 a) were phospholipids.
At the end of the uptake phase, only f i s h  from the 8VI treatment had 
a s ig n i f ic a n t ly  greater percentage t o ta l  l ip ids than at  the s t a r t .
All spot fed an 8% ration had greater percent l ip id s  than those fed 
a 4% ra t ion ,  although this di fference was not s i g n i f i c a n t .  There 
were no s t a t i s t i c a l  differences 1n percent constituent l ip id s  among 
treatments at the end of the uptake phase. The mean to ta l  percent 
l ip id  at the end of  the uptake phase was 4,4  (± 0 .3  o ) . Of 
these l ip id s ,  5 . OX (± 3,0 o) were neutral  l ip id s ,  47.61 [ ±  4.9  a) 
were glycol Ip ids and 47,41 (± 5,3 a) were phospholipids.
At the end of the clearance phase, a l l  spot except those from 
the 4W treatment had a s ign i f ican t ly  greater  percent to ta l  U p ld s  
than at the s ta r t  of the t e s t .  The f is h  from the 4U treatment had 
a greater  percent to ta l  l ip id  than at the s t a r t ,  although th is
51
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difference was not s ig n i f i c a n t .  There were no s ig n i f ic a n t  differences  
in percent to ta l  l ip id s  of spot among treatments at the end of the 
clearance phase, although 1ri most cases, f is h  fed an 8% rat ion  did 
have greater  percent t o ta l  H p i d s .  Following the clearance phase, 
there were no s ig n i f ic a n t  differences in the d is t r ib u t io n  of the 
constituent l ip id s .  The mean percent to ta l  l i p i d  in spot at the 
end of the clearance phase was 6 .8  {± 0 .6  u ) . Of th is  t o t a l ,
3.71 (± 2.4 o) were neutral  l i p i d s ,  60.8% (± 3.1 c) were g ly to lip ids  
and 4b .5% (± 3.6 a) were phospholipids.
These data are in agreement with the other f ish  s ize  and 
condition parameters. They ind ica te  a s ig n i f i c a n t  increase 1n 
percent to ta l  l i p i d  in f is h  in a l l  treatments throughout the test  
period. The major ity of  th is  increase appeared to occur during the 
clearance phase. There was also a general trend toward an increase 
in percent to ta l  l i p i d  in f ish fed an 8% ra t ion  over those fed a 4% 
rat ion.
Kepone Accumulation Data
Fish fed an 8% ra t ion  of rad io labe l led  food ( 8F) had a 
s ig n i f ican t ly  greater whole body kepone concentration than those 
f ish fed a 4% rat ion (4F) (Figure 2a ) .  This s ig n i f ic a n t  difference  
was s t i l l  apparent during the clearance phase. Fish fed the 8% 
ration had a mean Kepone concentration of  U.027 ug/y ( t  U.0U4 
a, n -  9) over the last  three sampling periods of the uptake phase 
while those fed the smaller ra t ion  averaged 8.014 ug Kepone/g (±
0.004 c, n = 9 ) .  The average Kepone concentration was 1,9 times 
greater fo r  f ish receiv ing the la rger  ra t ion  ind ica t ing  an approximate 
doubling of body burden due to the doubling of contaminated ra t ion .
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Figure 2. Whole body Kepone concentration o f  spot obtained from e i t h e r  
0,04 ug/4 ^C-Kepone In  water or 0,101 ng/g ^C-Kepone in 
food during the 19-day uptake and 2B-day clearance phases: 
a) contaminated food at  4 or  Si ra t io n ;  b) contaminated 
water a t  4 or 81 ra t ion  uncontaminated food.
54
Fish fed an 8t  or 41 rat ion of uncontaminated food and exposed 
to 0.04 ug/t  Kepone In water (BW, 4W) accumulated Kepone to the 
same concentration (Figure 2 b ) .  The mean wtiole-body Kepone concentration 
bioconcentrated from water for  f  1 sh fed the Bl rat ion was 0.117 
gg/g (± 0.026 a,  n -  9 ) f o r  the last three sampling periods of the  
uptake phase. For f ish  fed the smaller ra t ion ,  the concentration 
was 0.118 ug/g (± 0.027 o, n = 9) ,  The Increase 1n ration size alone 
did not cause a s ig n i f i c a n t  increase in uptake of Kepone from 
w ater .  When the accumulation and clearance curves are plotted on 
the same graph, the re la t ionship  between ration size and Kepone 
source is c lear  (F igure  3 ) .
The combined exposure experiments (4FW, 8FW) yielded results  
s im i la r  to the food and water single source experiments. Fish fed 
an 81 ra t ion  of  radiolabeled food and exposed to Q.U4 ng/t  unlabeled 
Kepone in water ( 8 FW) accumulated more Kepone from the diet  
( rad io labe led )  than f ish  receiving the same aqueous exposure and 
fed a 4% ra t ion  of radiolabeled food (4FW) (Figure 4 ) ,  Fish fed 
the 8% ra t ion  accumulated a mean Kepone concentration of 0.025 ug/g 
( t  0,012  o, n = 9 ) from the food, while those fed the 4* rat ion  
accumulated U.Q15 ug/g 0.007 a ,  n = 9 ) .  Trie di fference in Kepone 
accumulation between f ish  fed the two rat ion sizes was s ign i f ican t  
on days 19, 33 and 4U only.  I t  is in te res t ing  to note the large  
standard deviat ions associated with th is  data generated by the 
combined GC/radiometric method, especial ly when compared to the 
values generated by the sample combustion method used for the 
independent exposure treatments (4F and 8F ) .  This indicates that  
the more accurate method of analysis for radiolabeled Kepone appears
55
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to be sample combustion.
Gas chromatographic analysis of the above f ish samples indicated 
no s ign i f ican t  differences 1n bioconcentrated Kepone residues 
between f ish  fed the two d i f f e r e n t  rations of contaminated food and 
exposed to aqueous Kepone (Figure 4 ) .  The mean who)e-body Kepone 
concentration bioconcentrated from water for  f ish fed the 8*  ra t ion  
was 0.095 ug/g (± 0.036 o, n -  9 ) ,  while tha t  for f is h  fed the 4% 
ration was 0.119 ug/g (± 0.06b <j, n = 9 ) .  Again, note the large  
standard deviations for these samples when conpared to  those for  
samples analyzed by the radiometric methods (4U and 8W).
Contributions of Kepone from food and water were addit ive .
Kepone dietary accumulation by f ish was the same regardless of 
whether i t  was presented alone or in combination with the aqueous 
source (Figures 5 and 6 ) .  S im i la r ly ,  bioconcentratlon of Kepone by 
spot from a 0.04 u g / t  aqueous exposure was the same whether 
contaminated food was present or not (Figures 5 and 6 ) .  There were 
no s ig n i f ican t  differences 1n accumulated Kepone at any sampling 
period between paired exposures for e i ther  ration size ( I . e . ,  Fid vs
n.
Since the uptake of Kepone by spot from food and water is 
ad d i t iv e ,  the re la t ive  contributions from these two sources tan be 
calculated.  The percentage contribution from food fo r  f ish fed 
the 41 rat ion is 9,7% (± 1.2 □ , n -  7 ) ( 1 . e . ,  the concentration 
derived from this source divided by the t o ta l  from both sources).
For the f ish fed the 81 rat ion size the percentage contribut ion was 
18.5% ( i  3.2 o, n = 7) ,  a s ign i f ican t  increase (alpha * 0 .01 ,  arcsine 
transformed data) .  The contribution values are based on the food
4%
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and water Independent exposures, since the combustion ana ly t ica l  
method y ie ld s  a less var iab le  estimate of Kepone accumulation than 
the GC method.
Using the  B10FAC model, one can predict bioconcentration and 
dietary accumulation fac tors  for each of the exposure and ra t io n  
s i *e  treatments based on uptake and clearance rate  constants (Table
5 ) .  At predicted steady state f ish concentrations calculated from 
these values, the percentage of the to ta l  kepone concentration  
contributed from the d i e t  would be 9 . Alt at the 41 ra t ion .  For the 
Bit ration, t h is  contribution would increase to 19.51. These calculat ions  
agree with the results based on actual data at the end of the  
uptake phase. The percentage contribution from food appears to 
remain r e l a t i v e l y  constant for each rat ion over the en t i re  experiment 
( i . e . ,  at each sample per iod) .
There is  l i t t l e  di fference In any of the B10FAC predicted  
pharmacokinetic parameter values for spot due solely to an increase 
in ration s iz e  (Table 5 ) ,  For example, the average d ie tary  uptake 
rate constants for f i s h  fed the 4 and 8!  contaminated rat ions are 
0.268 and 0 .279 day-1, respect ively.  The average clearance ra te  
constants f o r  the same treatments were 0,035 and 0.040 day"* ,  
respect ive ly .  This s i m i l a r i t y  between bioaccumulation k in e t ic s  for 
the two ra t ion s  is evident 1n the shapes of the uptake curves 
(Figure 3 and Figure 4 ) .
The pharmacokinetic parameters for both dietary and aqueous 
exposure are similar (Table 5) ,  The uptake rate  constants from the 
dietary source are d i f f i c u l t  to compare to  those from the aqueous 
source. The rate constant for bioconcentration from water character izes
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the uptake of a chemical by d i f fus ion  or  ac t ive  transport  from a 
homogeneous mixture in  units of parts 1n w ater / t im e/par ts  1n f ish  
(Blau et  a /L ,  1975; Branson et  ^ a K , 1975) .  The uptake rate constant 
fo r  d ie tary  accumulation characterizes the ass imi la t ion e f f ic iency  
for  the ingested chemical, which Integrates  Ingest ion,  digestion  
and absorption ra tes .  Thus, k  ^ *100 1s a measure of assimilation  
ef f ic iency  over a specif ic  time period (day) (Bruggeman et a l . ,
1981).  The clearance rate constants are d i r e c t ly  comparable, since 
they represent chemical loss from the f i s h  over t ime,  regardless of 
the or ig ina l  source. The clearance rate  constants are s imilar  for  
the two routes of exposure, with a mean constant of 0.037 day’ 1 
from dietary exposure and 0.026 day" 1 from aqueous exposure.
There seems to be an ind icat ion  that  clearance is fa s te r  when 
Kepone is  obtained from the food. I t  is  d i f f i c u l t  to v isua l ize  
th is  di fference when the clearance phase curves 1n Figure 3 and 4 
are examined. Bioconcentration factors f o r  uptake of Kepone from 
water by spot averaged 7,824 ( t  1,037 o ) , while d ie ta ry  accumulation 
factors averaged 7.3 (± 0,5 a) .
Clearance rate constants were also calculated on a to ta l  
Kepone per f ish basis rather  than a concentration basis .  This 
method, in e f fe c t ,  el iminates any depuration due solely  to growth 
d i lu t io n .  I f  growth was the only factor  causing the decrease in 
Kepone concentrations 1n f ish  during the clearance phase, the K2 
values based on t o ta l  Kepone would approach zero. The B10FAC 
predicted clearance rate  constants, based on tota l  Kepone were: 
food only(4F) -  0.031 day’ 1 ; food only(BF) -  0.025 day"1; water 
only(4W) -  0.023 day"1 ; water only(BW) -  0.015 day. These rates are
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similar t o ,  though less than, those based on change in concentration 
over t ime.
There were problems with the secondary uptake experiment In 
the 8F treatment.  Towards the end of the experiment, 1t was found 
that a hole had developed in the mesh basket. This allowed for  
movement of contaminated food Into  the basket. Analysis of the 
three f ish  from the basket a f te r  the 19 day uptake phase indicated  
a mean Kepone concentration of 0,006 (± U.U01 a) ug Kepone/g 
f is h .  This represents a secondary uptake of almost 211, a value 
that does not seem r e a l i s t i c  when compared to other l i t e r a t u r e  
values. Pizza and O'Conner (1903) reported that  secondary uptake 
of PCB by striped bass could account for  only 1.7% of the body 
burden. This f inding led to  a repeat of th is  experiment. Results 
are reported in the section concerning uptake of Kepone by spot 
from natural and a r t i f i c i a l  food sources,
Kepone Accumulation vs Food Ration Size-Shrimp
Shrimp Weight
The mean wet weight of a subsample of grass shrimp at the Start of 
this experiment was 0.092 g ( *  0.044 o, n = 6 0 ) .  Individual weights were 
not recorded at the s ta r t  of the experiment due to the large number of 
measurements which would have been necessary (36 g shrimp/tank; 0,092 
g/shrimp- 5 tanks) .  Indiv idual  shrimp weights were recorded at each 
sample period for shrimp which were to be analyzed rad iometr ica l ly .
Shrimp mean weights were recorded for pooled samples used for  GC 
aralysi s .
There are s t a t i s t i c a l  problems when comparisons are made
64
between Indiv idual  samples and means of pooled samples. In the 
present case, the  variances for the various treatments were not 
homogeneous- thus parametric s t a t is t i c s  were not used to coapare 
shrimp weights. Instead, the non parametric Kruskal-WatHs tes t  
was used. There were no s ig n i f ic a n t  differences in shrimp weights 
among treatments at the f i r s t  sample period and at the end of the 
u p t a k e  and clearance phases. The mean wet weight of shrimp fed a 
4% ra t ion  of contaminated food (4FW and 4F) was 0.102 g (± 0.018 o ] , 
while those shrimp fed an 8% rat ion of contaminated food (8FW) 
averaged 0,110 g ( t  0.023 o ) , Those shrimp fed uncontaminated 
food (4W and 4C) weighed an average of 0.106 g (± 0.013 u).
L ip id  Content
Shrimp had 5.2% (± 0.1 o) t o t a l  l ip ids In th e i r  tissues at 
the s t a r t  of the rat ion size experiment (Table 4) ,  Of th is  t o t a l ,
1 . 8% U  0.6  o) were neutral  I 1p1ds, 52.21 ( i  0.8  a) w e r e  glycolip lds  
and 46.01 ( t  1.2 a} were phospholipids. At the end of the 16 day 
uptake phase, a l l  shrimp samples showed a s l ight  Increase In percent 
to ta l  l i p i d  to 5.71 (± 1,9 o}. Only in the case of shrimp from 
treatment 8FW was the increase s ig n i f ic a n t .  Shrimp from this  
treatment had a s ig n i f i c a n t ly  greater  percent total  l ip id  than a l l  
other treatments at the end of the uptake phase. There were no 
s ig n i f ic a n t  d i f ferences 1n the d is t r ibu t ion  of the constituent  
l ip id s  among treatments a f te r  16 days. Of the tota l  l ip id s ,  2.6%
( i  0 ,6  o) were neutral  l i p i d s ,  51.0% (± 1,9 □) were glycolip lds  
and 46,3% (± 1.7 u) were phospholipids.
At the end of  the clearance phase, there was an Increase 
in shrimp to ta l  l i p i d  compared to the uptake phase, although th is
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Increase Mas not s t a t i s t i c a l l y  s ig n i f ic a n t .  Shrimp from treatments  
8FW and 4FW had an increased percent to ta l  l ip id  over those shrimp 
at the s tar t  of the t e s t .  Shrimp fed an 8% rat ion had greater  
percent to ta l  l i p i d  than those fed a 4% ra t ion ,  although th is  
di f fe rence  was not s ig n i f i c a n t .  At the end of the clearance phase, 
the mean percent to ta l  l ip i d  in the shrimp was 6 .Z ( i  0 .61  a) .  The 
to ta l  l ip id s  consisted of 3.61 ( i  0.8 a) neutral  l i p i d s ,  63.41 
(± 1.0 a) g lycol ip lds and 43.11 ( t  0.2 o) phospholipids.
Kepone Accumulation Data
Due to a lack of s u f f ic ie n t  radiolabeled food, there were no 
treatments designed to study the accumulation of Kepone by shrimp 
from food and water alone at  the 8X r a t io n .  The 4W, 4F and 4WF 
ra t ion  treatments allowed fo r  comparisons of Kepone accumulation by 
shrimp from contaminated food and water sources alone and In a 
combined exposure.
Graphica l ly ,  i t  appears th a t ,  at  the 41 ra t io n ,  Kepone 
accumulation by grass shrimp from die tary  and aqueous sources was 
s im i la r ,  whether the exposures were done separately (4F ,  4W) or in  
a combined treatment (4FW) (Figure 7a and b ) .  S t a t i s t i c a l l y ,  there  
was no d i f fe rence  in shrimp Kepone concentration resu l t ing  from 
each source, whether they were presented alone or combined with the  
other source. The uptake of d ietary Kepone 1s not Influenced by 
the presence of aqueous Kepone, and vice versa. The two sources 
are add i t ive .  This can be seen when the BIOFAC predicted accumulation 
curves are p lo t ted  together (Figure 8 ) .  The two l ines representing  
d ie ta ry  accumulation from food alone and combined with the  water 
exposure become one l ine  on th is  p lo t ,
66
Q  woMr atone ) 
food alone ( 4 f )
1— i— |— i— i—i— i—|— i— i—p— i— [—i—i— i— r" r i— r~T r
10 2 0  30  4 0  50
TM E I M V S )
c*■N.o*
3.
I -g
10 ( 4 f w )
10
10
10
30 4 0 5020100
TME ( DAYS t
Figure 7. Whole body Kepone concentration of shrimp obtained from
0.04 yg/£ Kepone in water and/or 0.118 yg/g Kepone in food 
during the 16-day uptake and 21-day clearance phases a t  a 4' 
rat ion:  a) l^C-Kepone in  food only and water only exposures;
b)  '^C-Kepone in food and unlabeled Kepone in water* 
combined exposure.
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6a
The accumulation of Kepone by grass shrimp fed the 8% 
contaminated ration in combination with contaminated water exposure 
C&FW) resulted in s im i la r ly  shaped accumulation curves f o r  the two 
sources, indicat ing s im i la r  pharmacokinetic parameters {Figure 9 ) .
The shrimp Kepone concentrations accumulated from the 8 X rat ion  
dietary source were s ig n i f ic a n t ly  greater  than those accumulated 
from the 41 ration (alpha =■ 0,01) (Figure 10 ) .  The mean Kepone 
concentration over the last three days of the uptake phase was Q.03U 
ug/g ( t  0 .UQ6 c) at  the 41 rat ion and 0.U46 uy/g (± 0 .003 o} at the  
larger  ra t ion .  This di fference 1n concentrations was maintained 
throughout the clearance phase. The concentrations accumulated 
from the t il  rat ion were 1,6 times (± (1,3 o) those accumulated from 
the 41 ra t ion .
In contrast,  the Kepone bioconcentrated by shrimp from the aqueous 
source was not s ig n i f ic a n t ly  d i f f e r e n t  for the  two ra t io n  sizes 
(Figure 10).  The mean Kepone concentration accumulated by the 
shrimp over the las t  three days of the uptake phase was 0.104 ug/y 
(± 0,016 a) at the 41 rat ion and 0.101 ug/g {± 0.014 u) at the &X 
ra t ion .  At both the 4 and 8% r a t io n s ,  the t o ta l  shrimp Kepone 
concentration from both food and water was s i g n i f i c a n t l y  greater  
than the concentration due to bioconcentration alone.
The use of labeled and unlabeled Kepone in the combined 
exposures allowed fo r  a d irect  measure of the dietary contr ibut ion  
to the to ta l  Kepone body burden. The contr ibut ion from food was 
determined by d iv id ing the concentration derived from the  radiolabeled  
dietary source by the to ta l  concentration determined by GC methodology.
I f  only data for the days on which a s ig n i f ic a n t  d i f fe rence  in f is h
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Kepone concentration existed between the two ration sizes were 
examined, i t  can be calculated that  the mean dietary contribution  
from the food represented 23.61 (± 1,6 0} of the to ta l  Kepone for
Shrimp fed the 4 t  rat ion size.  At the 81 ra t ion  s ize ,  the d ietary
source represented 32,41 (± 3.5 o) of the t o t a l .  This represents a
371 increase in r e la t iv e  d ietary contribution brought on by a 
doubling of contaminated food rat ion s ize .  I f  steady state  body 
burdens are calculated using the mean BIQFAC bioconcentration and 
dietary accumulation factors from Table 5 fo r  each r a t io n ,  the 
contribution from the 41 rat ion would be 21.31 and tha t  from the 81 
ration would be 30.31. These values agree with the values measured 
throughout the experiment and indicate that  re la t iv e  d ie tary  
contribution within each ration remained consistent over the 
experimental period.
The pharmacokinetic parameters were s im i la r  for  shrimp fed 
the 4% ration e i th er  alone (4F, 4U) or combined with the aqueous 
exposure (4FW) (Table 5) ,  For example* the clearance rate constant 
(Kj>) for  Kepone was 0.017 day“ * when the shrimp were fed a 41 rat ion  
of contaminated food and held 1n uncontaminated water.  Shrimp fed 
the same contaminated food rat ion but dosed with Kepone contaminated 
water had a clearance rate constant of U.U19 day'l  fo r  the d ie tary  
Kepone, based on the loss of the labeled compound. The parameters 
for accumulation and clearance of Kepone bioconcentrated from the 
water were also s im i la r  regardless of the type of exposure (alone 
vs combined}. Clearance of residues obtained from the water appeared 
to be somewhat slower then those obtained from the food, but t h is  
would result  in an increase of only 11 days in time to 501 clearance.
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B1oconcentration factors  fo r  shrimp averaged 12,003 { *  1,003 o) 
at the 4% r a t io n  s ize whi le  d ie ta ry  accumulation factors at the 
same ra t ion  s ize  averaged 27.0  (± 1.4 o) .
The s ize  of  the food ra t ion  fed the shrimp had l i t t l e  e f fec t
on the pharmacokinetic parameters (Table 5 ) .  For example, the time
to  50% clearance for  Kepone was 36.3 days fo r  shrimp fed a 41
ra t ion  of contaminated Kepone and 32,3 days f o r  shrimp fed the B%
r a t io n .
Shrimp from the secondary uptake exposure had no detectable 
Kepone in t h e i r  bodies. This indicates tha t  secondary uptake of 
Kepone by grass shrimp was unimportant in determining Kepone body 
burdens,
Kepone Accumulation -  Shrimp vs Spot
Grass shrimp accumulated s i g n i f i c a n t l y  greater  whole body 
Kepone concentrations from d ie ta ry  exposure than did spot.  This 
was apparent at  both the 4% ra t ion  treatment (Figure 11) and also 
the H I  r a t ion  treatment {Figure 12 ) .  In contras t ,  there were no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i fferences 1n Kepone bioconcentration  
from aqueous exposures between shrimp and spot at e i th e r  ration  
size  at the end of the respect ive  uptake phases. Visual examination 
of clearance curves (F igures 11 and 12) Ind ica tes ,  however, that 
the clearance rate  of  Kepone by spot was slower than that  of shrimp.
The pharmacokinetic parameters (Table 5) show th a t  the shrimp 
had a d ie ta ry  accumulation uptake rate constant (KjJ which was 
nearly  twice th a t  of spot.  The clearance ra te  constant fo r  shrimp 
was one h a l f  tha t  fo r  spot.  The r a t io  of uptake and clearance 
rate  constants y ie ld s  a d ie ta ry  accumulation fac tor  f o r  shrimp that
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Is three t imes that fo r  spot.  The difference in these rate constants 
means i t  takes shrimp almost twice as long as spot to approach a 
steady s ta te  body burden.
The pharmacokinetic parameters for bioconcentration of Kepone 
show much less di f ference in the uptake rate constants between the 
two species than fo r  dietary accumulation. The re la t iv e ly  large  
d i f fe renc e  in clearance rate constants Is s t i l l  apparent with 
Kepone bioconcentrated from an aqueous source. As in the dietary  
accumulation k in e t ic s ,  these rate constants lead to a greater  
bioconcentration fa c to r  for shrimp than spot and consequently a 
longer time necessary to reach steady State,
There were no s ig n i f ic a n t  differences 1n the percent to ta l  
l i p i d  between shrimp and spot at  the s ta r t  of the tes ts .  The 
percent t o ta l  l ip id s  for spot at  the s ta r t  of the ration size vs 
Kepone accumulation experiment was 4.2 (± 1.1 a) ,  while that for  
shrimp was 5,2  (± 0.01  u) (Table 4) .  In comparison, spot at the 
s ta r t  of the accelerated te s t  averaged 5.41 (± 0,2 c) total  l i p i d  
while  spot at  the s t a r t  of the natural food vs a r t i f i c i a l  food 
Kepone accumulation experiment averaged 5.31 (± 0,6 o ) ,
S t a t i s t i c a l  analysis of the constituent l ip ids  from the two 
species indicated no s ig n i f ican t  differences at the star t  or end of 
e i th e r  t e s t .  Shrimp had s l ig h t l y  less neutral l ip id s  (1.8% ± 0.6 o) 
than spot (3,7% ± 1.9  a), but s l ight ly  more glycoliplds
(52.2% ± U,H cr vs 51.5% ± 2 .6  o) and phospholipids (46.0% ± 1.2 u vs
45.0% ± 1.4 a ) .
Shrimp at the end of the uptake period had a greater percent
to ta l  l ip id s  (7  - 5 . 7 ,  o ■= 0 .7 )  than did spot (x = 4 .4 ,  o * 0 . 8 ) ,
76
although th is  d i f ference was not s ig n i f ican t .  Since the 
d is t r ib u t io n  of the constituent l ip id s  did not vary s i g n i f i c a n t l y ,  
th is  Indicates that  the shrimp had greater t o ta l  amounts of  
glycol ip lds and phospholipids per equal body weight than spot at  
the beginning of the  clearance phase. Shrimp maintained a greater  
percent to ta l  U p ld s  than spot throughout the clearance phase.
Kepone Assimila tion Ef f ic ienc ies -  Spot and Shrimp
Shrimp fed one 41 rat ion of f in e ly  ground, Kepone-contamlnated 
food had the same Kepone ass imi la t ion eff ic iency as shrimp fed an 
81 ra t ion  (Table 6 , Experiment 1) (subsequent references to experiment 
numbers are in reference to  Table 6 ) ,  The mean Kepone assimi la t ion  
e f f ic ie n c y  for shrimp fed these two ration sizes was ZL.31 ( i  3.44  o, 
n = 14) over the 24 hour tes t  period. Shrimp which were analyzed 48 
hrs a f t e r  an i n i t i a l  feeding of contaminated food had a mean assimi la t ion  
e f f ic ie n c y  of 21.31 (± 2.4 o, n = 4) (Experiment 3 ) .  The assimilation  
e f f ic ie n c y  was not s i g n l f i d a n t l y  d i f fe ren t  between shrimp fed the 
f ine  food and analyzed a f te r  24 and 40 hours. The 24 hr sampling 
period appeared adequate fo r  clearance of undigested Kepone contaminated 
food from the shrimp.
Shrimp fed an 81 ration and allowed to reingest fecal wastes 
did not assimilate a s ign i f ican t ly  greater percentage of the offered  
Kepone than those isolated from fecal wastes (Experiment 2 ) .
Shrimp fed a 41 ra t ion  and allowed to reingest fecal wastes did 
ass im i la te  a greater  percentage of the Kepone offered (27,71 ±
3,36 o) than those not allowed to reinyest feces (21,81 ± 2,62  
a ) .  Since the 4% ra t ion  appeared to be less than a maintenance 
ra t ion ,  the shrimp would probably eat whatever was ava i lab le .
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In a 1.5 hour s ta t ic  experiment, Kepone quickly part it ioned from 
food into uncontaminoted seawater. Of the to ta l  Kepone put into  
the system as contaminated food, only 18.81 remained in the food 
a f te r  1.5 hrs (Experiment 4 ) .  S l igh t ly  over ha l f  the Kepone (54.6%) 
part it ioned into the seawater passing a 0,45 u f i l t e r .  In a s imilar  
experiment containing shrimp, contaminated food, and uncontaminated 
water,  19.0% of the Kepone was found 1n the shrimp a f te r  1.5 hrs.
The water contained 44.8% of  the or ig ina l  Kepone, while 6,01 remained 
in the food (Experiment 5 ) .  This Indicates that much of the Kepone 
presented 1n the food is unavailable for ingestion due to movement 
into  the water phase. Also, most of the ingested Kepone 1s assimilated  
a f te r  24 h r . ,  as can be seen by the s imilar  percentage in the 
shrimp af te r  1.5 hrs (Experiment 5) and 24 hrs (Experiment 1) .  The 
"true" assimilation e f f ic ie n c y ,  when calculated as percentage Kepone 
assimilated of the amount consumed, approaches 1001. The amount 
consumed was determined in Experiment 6 when shrimp were allowed to 
feed unt i l  no v is ib le  food remained (1 ,5  h r ) .
The predicted Kepone assinii lat ion e f f ic ienc ies  for shrimp 
based on BI0FAC estimates of  d ietary uptake rate  constants (K3 X 
100 x time (Bruggeman et al^. , 1981)) are much greater than those 
values computed on data from the 24-hr tests with the f ine ly  ground 
food source ( I . e .  48.7 vs 21.81) (Table 7) ,  Assimilation e f f ic ienc ies  
(24 hr) derived from the coarsely ground food which was used in the 
shrimp ration size experiment are s ig n i f ic a n t ly  greater than those 
24-h values obtained using the f ine ly  ground food (Experiment 1 ) .
For example, the measured 24-h Kepone ass imilat ion e f f ic iency for  
shrimp fed the coarse food at a 41 rat ion was 37.51 ( t  U.8 a, n -  2 ) ,
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while that  for  shrimp fed the f ine  food was 21,8*  (± 2.5 U, n * 7 ) ,
This d i f ference In assimi la t ion e f f ic ien c ies  demonstrates that more 
Kepone 1n the food 1s ava ilable  to the shrimp through Ingestion when 
the food source Is coarsely ground.
Spot, 1n general,  had somewhat lower assimi la t ion e f f ic ienc ies  
than shrimp. The Kepone assimi la t ion e f f ic ien c ies  from the f in e ly  
ground food were the same (7  = 1 5 ,0 ) ,  regardless of the ration s ize,  
nor were there s ign i f ican t  differences in the percentage of Kepone 
assimilated a f te r  3 hr (7  = 15.2) and 24 hr ( 7  -  15.0) (Experiments 
6 4 7 ) .  In Experiment 6 , the spot were allowed to feed for  3 hr,  
by which time no food remained in the treatment j a r s .  Thus, i t  was 
assumed that  the amount of Kepone 1n t h e i r  bodies at that  time was 
the amount ava i lab le  through ingestion. When percentages of Kepone 
1n the f ish  a f te r  3 hr and 24 hr are the same, I t  1s Indicat ive  of 
a "true" assimi la t ion e f f ic iency of 100%, Spot which were isolated  
from fecal wastes did not show s ig n i f i c a n t ly  d i f f e r e n t  Kepone 
assimi la t ion e f f ic ien c ies  than those f ish allowed access to the i r  
fecal material  (Experiment 8 ) ,
Spot fed 8% rat ions of both contaminated a r t i f i c i a l  food and a 
coarsely ground natural food did not ass imilate  a s ig n i f ic a n t ly  
greater percentage of the ava i lab le  Kepone over 24 hr (Experiment 
9) than those f 1sh fed a f in e ly  ground food (Table 6 and 7 ) .  The 
mean Kepone assimilation e f f ic iency of f 1sh fed the coarsely ground 
food was greater than that of f ish  fed the f in e ly  ground food, but 
th is  di f ference was not s ign i f ican t  due to the large var iat ion in 
assimi la t ion e f f ic ien c ies  of individual f i s h .
Data from Experiments 10 and 11 ind icate  that par t i t ion ing
01
of Kepone from food to water 1$ greater from small food p a r t ic le s  
tnan large par t ic les*  After 3 hrs ,  42,6*  of the Kepone remained 
In the coarsely gound food, while only 24,2% remained in the f in e ly  
ground food. These results are in agreement with the shrimp data 
which indicate that coarse food would resul t  in greater  Kepone 
a v a i l a b i l i t y  to  an organism than f ine ly  ground food,
Kepone assimilation e f f ic ienc ies  for  both species were estimated 
in three d i f fe ren t  ways (Table 7 ) ,  All three estimates were s imilar  
when the same food preparation was used as the source of d ie tary  
Kepone. The di fference in the Kepone assimilation e f f ic ie n c ie s  for  
the shrimp fed two d i f fe ren t  food preparations can be seen c l e a r l y .
Shrimp fed a 4% or an 8X rat ion of coarsely ground food had 2 4  hr 
assimilation e f f ic iency  values much more s im i la r  to values predicted 
from the long term rat ion test  than those predicted from te s t  data 
when shrimp were fed rations of f ine ly  ground food.
Accelerated Test -  spot
The dietary accumulation curves predicted from the 4 and B% 
ration size accelerated test data by the BIOFAC model are s im i la r  
in appearance to the curves from the long term d ie ta ry  accumulation 
data (Figure 13a and 13b}. There is a much greater  degree of  
v a r i a b i l i t y  in the data from the accelerated test  than in that  from 
the long term te s t ,  especial ly a t  the small ra t io n (4 F ) .
The pharmacokinetic parameters predicted by B1QFAC fo r  the 
accelerated test  are somewhat d i f fe ren t  than those predicted for  
the long term ration size vs Kepone accumulation t e s t ,  especia l ly  
for  spot fed the small ration (Table 5).  The standard deviations  
for parameter estimates are much larger for  data from the accelerated
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Figure 13. Accumulation and clearance phase curves {± std.  dev .)  fo r  
spot fed 0.101 ug/g 14C-Kepone contaminated food during a 
long term and an accelerated t e s t :  a) 4% ra t ion ;  
b) B% ra t io n .
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t e s t  than for data from the long term exposure. The standard 
deviat ions given by blOFAC are an estimate of the "goodness of f i t "  
of predicted curves to  actual da ta .  The large deviations fo r  data 
from the accelerated tests  ind ica te  that  the predicted curve does 
not f i t  the data very w e l l .  One of the m o r e  in te res t ing  results  
from the long term ra t ion  s i 2e experiment was the s im i la r i ty  in 
parameter predict ions between spot fed the two d i f f e r e n t  ra t ions.
In most instances, parameters fo r  the two rat ions during the 
accelerated te s t  were not s im i la r .
Kepone accumulation curves fo r  f ish  fed a 20% rat ion  of 
rad io labe led  Kepone contaminated food and exposed to  unlabeled 
Kepone in water (0 .04  ug/£) during the accelerated te s t  are s imi lar  
to curves generated in the long term studies (Figure 14) .  The 
combined GC/radiometric ana ly t ica l  method allowed for separation of 
Kepone accumulated from the food and water in  t h is  treatment.  
Pharmacokinetic parameters from th is  accelerated tes t  were often 
s im i la r  to  those from the long term tests  (Table 5 } .  For example, 
the clearance ra te  constant for bioconcentrated Kepone was 0.024 day-1 
f o r  the accele rated te s t  and 0.023 day ' l  fo r  the long term test  
( 4FW). There were some instances where parameters did not match 
very w e l l .  For example, the d ie ta ry  clearance rate constant for  
the 4F and 8F treatments was 0.037 d a y ' l ,  while  for the 20FW accelerated 
treatment  i t  was only 0.024 d a y '1 . As with the smaller rat ion size  
treatments ,  a n a ly t ic a l  v a r i a b i l i t y  seems t o  be greater for  the 
accelerated tes ts  than the long term t e s t s .  In addit ion ,  v a r i a b i l i t y  
Is even greater  when the combined GC/radiometric method is used for  
the ana lys is .
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Spot had 5.41 (± 0.2 a) to ta l  l ip ids  In th e i r  t issues at the 
s ta r t  of the accelerated tes t  (Table 4} .  Of these l ip id s ,  4,31  
(± 1.1 o) mere neutral  l i p i d s ,  52.51 (± 0.7 a)  were glycol ip ids  
and 43,31 (± 1.8  o)  were phospholipids. S ta t is t ic a l  analysis of 
l i p i d  data from th is  tes t  indicates that  there was no s ign i f icant  
difference in percent to ta l  l i p i d  or percent constituent l ip ids  at 
the s ta r t  and end of the 4 day uptake and 20 day clearance phases.
At the end of the clearance phase, spot from the 28 FW treatment 
had a greater percent to ta l  l i p i d  than those f ish fed a 41 or an 81 
rat ion of contaminated food. At the end of the 4-day uptake phase, 
spot in th is  tes t  had a mean percent to ta l  l ip i d  of 4 .5  [± 0.4 a) .
Of these l ip id s ,  2.71 (± 2,6 o) were neutral  l ip id s ,  52 .7 ! (  ± 3.1 o} 
were glycol ip ids and 44.71 (± 1.3 o) were phospholipids. At the 
end of the 20-day clearance phase, spot had a percent to ta l  l ip id  
of 5.2 (± 0.91 o) ,  of which 1,4% (± 0.6 o} were neutral  l ip id s ,
47,5% (± 4.8 o) were g lycol ip ids and 51.31 (± 5.1 a) were phospho­
l ip i d s .
Dietary Accumulation of kepone by Spot from Natural and A r t i f i c i a l  
Food Sources
Fish Growth
The average f ish  weight at  the s ta r t  of th is experiment was 
3.17 g (±0.37 o} in the natural food tank and 3,07 g (± 0.53 o) 
in the a r t i f i c i a l  food tank. There was no s ign i f icant  difference  
in f ish  weight between the two treatments at the s tar t  and end of 
the Study. Fish condit ion index values were not s ign i f ican t ly  
d i f fe r e n t  at the end of the experiment. The average condition 
index for f ish sampled at days 17.5 and 19 was 2.05 (± 0.09 o,
96
n *  9)  for f i s h  fed a natural d ie t  and 1.9? (± 0.21 a, n - 9) for  
those fed an a r t i f i c i a l  d ie t .
Fish weights with in  each tank were not s ig n i f ican t ly  d i f fe ren t  
at the s ta r t  and end of the experiment. The average f ish  weight at  
the end of the  experiment was 3.34 g (± 0.48 c) 1n the natural food 
tank and 3.77 g ( f  1,47 a) 1n the a r t i f i c i a l  food tank. The mean 
percentage increase for the f ish fed a natural d ie t  was 5 .621 ,  while 
the  Increase was 22,71 for f ish fed the a r t i f i c i a l  d ie t .  By comparison, 
at day 19 of  the spot Kepone accumulation vs rat ion size experiment, 
the average f is h  showed a 91 decrease 1n weight. By the end of the 
clearance phase these f ish had an average percentage increase of 
9 .7 2 1 .  These facts Indicate that  f ish  1n the e a r l i e r  rat ion size 
study were fed close to a maintenance ration of food. At the 201 
r a t io n  s ize ,  s u f f ic ie n t  food was provided for f ish  growth.
Lipid Content
There was no s igni f icant  di fference in the percent to ta l  
l i p i d s  of f is h  fed the natural and the a r t i f i c i a l  food used 1n this  
study. The percent to ta l  l ip id  in the natural food (shrimp) was 
5.7 (± 0.7 cj), while for the a r t i f i c i a l  food i t  was 6.4 (± 0,3  o)
(Table  4 ) .  There were s igni f icant  differences in the percent 
consti tuent  l i p i d s  for the food types. The percent neutral  l ip id  
was s ig n i f i c a n t ly  greater  in the a r t i f i c i a l  food (4.6 ± 1.0 o) 
than in the natural  food (2.6 ± 0.6 o ) . Glycolipids represented a 
s i g n i f i c a n t l y  greater  percent of the to ta l  l ip ids  In the a r t i f i c i a l  
food (64.1 ± 0 .9  o) than in the natural food (51.0 ± 1.9 o) ,  while 
phospholipid percentages were s ign i f ican t ly  less in the a r t i f i c i a l  
food (31.4 ± 0 .2  o) than in  the natural food (46,3 t  1,7 o) .
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Spot at the s t a r t  of this experiment had a mean percent to ta l  
l i p i d  of 5.3 (± 0.6  o) (Table 4 ) .  Of these l i p i d s ,  4 .1 *  (± 0.7  o)  
were neutral  l i p i d s ,  51,61 (± 1.7 o) were glycol ip ids and 44*41  
(± 1.9 o) were phospholipids. Spot fed the two d i f fe re n t  foods at  
a 201 ra t ion  showed no s igni f icant  di fference in percent t o t a l  
l i p i d  at the end of the 19 day uptake phase, although f ish fed the 
natural food did have the greater percent total  l i p i d  (6.9 ± 0.3  
o vs 5,8 ± U.9 a ) .  Both food types resulted in a non s ig n i f ic a n t  
increase in percent to ta l  l ip id s  in the f ish fol lowing 19-days of 
feeding.
The d is t r ib u t io n  of the constituent l ip ids in f ish fed each 
food type did not change over the experimental per iod,  nor was 
there a s ig n i f ic a n t  di fference in the constituent l ip ids  among the 
f ish  fed the two food types. Spot fed the natural food averaged 
4.8% (± 1.3 o) neutra l  l ip ids ,  50.31 (± 2.5 o) g lycol ip ids  and 
44.9% (± 1.2 o) phospholipids at  the end of the study. Spot fed 
the a r t i f i c i a l  d ie t  averaged 6,5% (± 6 .8  □) neutral l ip id s ,  47.6%
(± 3.9 o) g lyco l ip ids  and 46.9% (± 5.6 o) phospholipids,
Kepone Dietary Accumulation
The average whole body Kepone concentration in  spot at the 
end of  19 days was 0.076 yg/g (± 0.014 o, n = 6) fo r  f ish fed the 
natural d ie t  and 0.091 ug/g (± 0*033 a, n = 6) f o r  f ish fed the  
a r t i f i c i a l  d ie t  (F igure  15). These concentrations were not 
s i g n i f i c a n t ly  d i f f e r e n t .  Fish fed uncontaminated food accumulated 
0,003 ug Kepone/g a f t e r  19 days from secondary uptake from the  
contaminated natural  food. This represents 3,31 of  the Kepone 
concentration accumulated by f is h  which fed d i r e c t ly  on the contaminated
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food. The a r t i f i c i a l  food clogged the n i tex  basket 1n the secondary 
uptake experiment 1n that tank on day 10 . Lou dissolved oxygen 
caused a l l  four f ish  to  d ie .  Kepone concentrations 1n these four  
f 1sh at day 10 represented only 1.71 of the day 7 Kepone concentration 
accumulated by the f ish fed the contaminated a r t i f i c i a l  d ie t .  This 
Indicates that secondary uptake of Kepone by spot 1s minimal.
The BlOFAC-predicted uptake rate constants are similar for  
both treatments (Table 5 ) ,  These uptake rate constants are also  
similar to those predicted from the 19-day uptake phase of the 
ration size vs Kepone accumulation study. Kepone assimilation 
ef f ic ienc ies  (Kj X 100) for spot fed natural and a r t i f i c i a l  d iets  
are s im i la r ,  with the e f f ic iency  s l ig h t ly  higher from a r t i f i c i a l  
food (30.2 vs 23,51) (Table 5 ) .  The other parameter estimates are 
not re l iab le  as indicated by the larye standard deviations.
There was a s igni f icant  di fference in Kepone concentration 
in spot on day 19 between f ish fed a 20* rat ion and those fed a 
smaller ration In the food rat ion size experiment (4F.8F) (Figure 
16). Data from the two lowest rat ion sizes show no change in 
bioconcentration of  Kepone from water with increased rat ion .  Since 
i t  has been shown e a r l i e r  that the contributions of Kepone from 
d i f fe ren t  sources are addit ive fo r  spot, percentage contribution 
from the dietary source to the to ta l  Kepone body burden can be 
calculated. At the 20* ra t ion ,  d ietary accumulation of Kepone 
would represent 37 ,9*  of the to ta l  Kepone concentration in spot at 
day 19. This represents a doubling 1n percentage contribution  
over the 8*  rat ion (18,47*)  with a s l ig h t ly  more than doubling of 
the contaminated ra t ion .
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Distr ibu t ion  of ^C-Kepone In Lipid Constituents
The presence of ^C-Kepone In the various constituent l ip ids  
was determined for a l l  spot and shrimp following the uptake phase 
of the food ration size vs Kepone accumulation studies.  Of the 
tota l  rad io ac t iv i ty  recovered from the shrimp l ip id s ,  8.5% (± 0.4 o) 
was in the neutral l ip id s ,  80.0% ( i  1.7 o) was 1n the glycolipids  
and 11.5% (± 1,9 o) was 1n the phospholipids. From the spot, 6 .6%
(± 3.7 o) of the ra d io a c t iv i ty  recovered was in the neutral  l ip id s ,
89.3% {± 3,8 o} in the glycolipids and 4,1% {± 2 A  a )  i n  the 
phospholipids. The percentage of rad ioac t iv i ty  recovered from the 
neutral  l ip id s  was not d i f f e r e n t  between the two species. The 
percentage of rad ioac t iv i ty  in the glycol ip ids of the spot was 
s ig n i f ic a n t ly  greater than that  of the shrimp, while the percentage 
in the phospholipids was s ig n i f le a n t ly  greater  for the shrimp.
DISCUSSION
Kepone Ass I ttiI lat ion E f f ic ienc ies  -  Spot and Shrimp
In order to formulate ecologically  relavent conclusions 
concerning the importance of d ietary accumulation of a xenobiotic to 
an organism one must take into consideration not only the concentration  
of the food source but also the feeding rate of the organism and 
i t s  assimilation e f f ic iency  for the specif ic  compound. Thus, the  
use of a Bioaccumulatior Factor by Bahner et (1977) to character ize  
Kepone accumulation in aquatic food chains is very misleading since 
i t  is only based on the food concentration of the prey organism.
For th is  reason, a Dietary  Accumulation Factor,  as defined by Van 
Veld et  £ l -  U9B4),  was used in the present study to obtain a more 
appropriate measure of the dietary accumulation of  Kepone by spot 
and grass shrimp. The da i ly  dietary dose to the organism was 
control led by specif ic  ration sizes of food having a known 
concentration of Kepone,
An i n i t i a l  assumption In the design of th is  study was t h a t ,  at 
the ra t ion  sizes tested,  the spot and shrimp would consume a l l  the 
food and thus al l  the Kepone of fered.  I f  this assumption proved to 
be t rue ,  then I would have control of the feeding rate of the  
organisms and could measure i ts  e f fe c t  on d ietary accumulation. In 
order to ver i fy  the above assumption, short term ingestion e f f ic ien cy  
studies and 24-hr ass imilat ion e f f ic ie n c y  studies were undertaken.
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I t  Is apparent from the results of the assimilation e f f ic iency  
studies that  there were problems with n\y i n i t i a l  assumptions 
concerning Ingestion e f f i c ie n c ie s .  The 24-hr Kepone assimilation  
e f f ic ie n c ie s  for spot (15*)  and shrimp (21*)  from the f in e ly  ground 
food were quite low considering the l ip o p h i l ic  nature o f  Kepone.
These i n i t i a l  values were based on the to ta l  amount of Kepone 
offered the organism at one feeding. L ipophil ic  organlcs in food 
are expected to be transferred e f f i c i e n t l y  across the gut because 
of the r e la t iv e ly  long term of contact between food and membranes 
(Spacie and Hamelink, 1485), In contrast to my f indings, Mitchell  
et al_, (1977) found an assimilation e f f ic iency of  501 fo r  DDT by 
cod ( oadus roorhau) from natural food, while Pizza and O'Connor
(1983) found an assimilation e f f ic iency  of 851 for the PCB Aroclor 
1254 by str iped bass ( Morone s a x a t i l i s ) fed Gafnmarus t i g r i n u s ,
Bahner (unpublished) conducted studies of d ietary  accumulation of  
Kepone by spot from whole amphipods which suggest an assimilation  
eff ic iency of approximately 501, In general,  assimi la t ion e f f ic iency  
of food i t s e l f  Is near 801 for carnivorous f ish  species and 301 for  
herbivorous species (Brett  and Groves, 1979).
Results of the assimilation eff ic iency experiments in the 
present study indicate that grinding of the food to a f ine  consistency 
led to a decrease in Kepone a v a i l a b i l i t y  to the organisms. In 
sta t ic  mass balance te s ts ,  almost twice as much Kepone remained in 
the coarsely ground food than 1n the f in e ly  ground food a f te r  1.5 
hours, indicat ing rapid par t i t ion in g  and/or leaching of Kepone from 
the more f in e ly  ground food. Shrimp fed the coarsely ground food 
assimilated almost twice as much Kepone in 24 hr as shrimp fed a
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more f in e ly  ground food. Grinding of the food may have also led to 
food p a r t ic le s  too small fo r  e f f i c i e n t  Ingestion by the organisms. 
Hastings (1969) Indicated that  a 4% rat ion  of food should serve as 
a maintenance ra t ion  fo r  many f is h  species. Even f ish offered a 
2U% rat ion  of the f i n e l y  ground food 1n the present study did not 
grow a great degree during the 19-day uptake phase, especial ly when 
compared to f ish  fed a 20% rat ion  of a r t i f i c i a l  food (5.6% mean 
weight increase vs. 22.7%).  This is  in d ic a t iv e  of e i th er  a 
n u t r i t i o n a l l y  poor food source or the u n a v a i la b i l i t y  of part of the 
food o f fe re d .  Since small crustaceans are a s ign i f ican t  component 
of the natural  d ie t  of spot (Parker ,  1971; Sheridon and Livingston,  
1979) ,  the l a t t e r  explanation is probably correct .
Estimates of ass im i la t ion  e f f i c ie n c ie s  were made by three 
d i f f e r e n t  methods in th is  study. The single feeding, 24-hr  method 
was s im i la r  to  that  described by Grodzlnski et_ jil_. (1975) .  Assimilation 
was also estimated by the r a t io  of  the average amount of Kepone in 
the organism at the end of uptake and the average amount fed to the 
organisms. In add i t ion ,  estimates were made u t i l i z i n g  the dietary  
accumulation uptake rate  constant expressed in reciprocal days, as 
suggested by Bruyyeman j)l_. (1 9 8 1 ) ,  My data indicates that a l l  
three  methods give s im i la r  estimates of ass imilat ion e f f ic iences ,  
w ith  estimates from the long term tes ts  y ie ld in g  somewhat greater  
values than those from the short term te s t s .  Over a long exposure 
period organisms could be exposed to  other routes of Kepone, such as 
secondary uptake and fecal  re ingest ion ,  which would tend to Increase 
apparent ass im i la t ion  e f f i c ie n c ie s  when compared to short term 
t e s t s .  These resul ts  g ive support to  the idea that uptake rate
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constants are an ind ica t ion  of short term ass imi la t ion e f f ic ie n c y .
This would be true only 1f the same time In te rv a l  was Involved 
(d a y '1 ) and only i f  the d a ily  d ie ta r y  dose was used as the  measure 
of exposure.
Results of these ass imi la t ion e f f ic ie n c y  studies also Indicate  
the "true" Kepone ass imi la t ion e f f ic ie n c y  fo r  both spot and shrimp 
is much higher than predicted by the BlUFAC model using nominal 
ra t ion  s izes .  By "true" ass im i la t ion  e f f i c ie n c y ,  I re fe r  to the 
presentage of Kepone retained of the to ta l  amount actual ly  ingested 
(Grodzinski £ t  aj_,, 1975). In the present study, the pretentage of 
Kepone in the body a f t e r  a short ingestion period (1.5 hr-shrimp 
and 3.0 hr-spot) did not decrease s i g n i f i c a n t l y  a f te r  24 hours, [f 
one uses the measure of Kepone in the body a f t e r  the short ingestion 
period as the amount o f  Kepone a c tu a l ly  ingested, ( I . e . ,  ingestion  
e f f i c i e n c y ) ,  this Indicates a "true" ass imilat ion e f f ic iency  of 
close to 100%. This is more in accord with the ideas of Spade and 
Hamalink (1985) concerning the ass imi la t ion e f f ic ie n c y  of l ip o p h i l ic  
compounds in aquatic organisms.
All  these ass imi la t ion data indicate  tha t  the use of the f ine ly  
ground food may have caused a s ig n i f ic a n t  underestimate of Kepone 
ava i lab le  to the organisms through d ietary accumulation. As mentioned 
e a r l i e r ,  analysis of Bahner's (unpublished) data indicates an 
ass im i la t ion  e f f ic ie n c y  of approximately 50% f o r  spot fed whole 
amphipods. Thus, input from the d ie tary  source in the present study 
may be as much as one-th ird  of the amount possible i f  the food was 
l e f t  whole. I f  t ru e ,  d ie tary  accumulation is more Important 1n 
determining f ina l  Kepone residue body burdens than indicated by the
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present study, as discussed l a t e r ,
Kepone Accumulation vs Food Ration Size -  Spot
Spot growth and condit ion data from the 4 and 8% rat ion s ize  
studies Ind icate  that a 4% rat ion  of the f ine ground food did not 
represent a maintenance d i e t .  Spot fed this rat ion e i th er  just  
retained th e i r  i n i t i a l  weight or lost weight by the end of the 
experiment. In contrast ,  spot fed an 8*  ration gained weight during 
the experiment, although the weight gain was not s ig n i f ic a n t .  This 
indicates that the 81 rat ion was probably close to a maintenance 
rat ion for these f ish and th is  food preparation. Spot fed the 81 
rat ion had higher l ip id  content,  a lower percentage moisture and a 
better  condition index than spot fed the small ra t ion ,  indicat ing  
that  the f ish  were h ea l th ie r  when fed the larger ra t ion .
Neutral l ip ids  represented on average 4.41 o f  the to ta l  l ip id s  
found in the spot in th is  experiment. This low percentage of neutral  
l ip id s  suggests that the rat ion sizes were very close to a maintenance 
d ie t  and there was l i t t l e  neutral  l ip id  storage 1n the adipose tissues  
of the spot. The percentage neutral  l ip id  for spot fed a 4% or an 81 
rat ion is lower than for  spot fed a 201 ration of the same food in  
a l a te r  experiment (4 .41  vs 6,1%). The spot fed the 20% rat ion  also  
gained more weight over the same period as the f ish  fed the small 
ra t ions.  Thus, at the 20% ra t ion ,  f ish  were able to  grow and store 
neutral  l ip id s ,
A comparison of Kepone body-burden data from the combined food 
and water exposures (4 and 8FW) and the single source exposures (4 
and 8 F, 4 and BW) shows that  the radiometric ana ly t ica l  method 
(sample combustion) generates data which are much less var iable
than the combined GC/radiometric methods. There 1s much less  
v a r i a b i l i t y  between f ish  samples from the same Sample period with 
the former method, as can be seen from a comparison of standard 
deviations shown in Figures 3 and 4 and Table 6 . I believe the 
v a r i a b i l i t y  seen in the combined method is due to the f a i lu r e  of
the fuming sul fur ic  acid l i p i d  clean-up procedure to handle the
l i p i d  load of the f is h ,  thus result ing in much interference.
Because of th is  large v a r i a b i l i t y ,  I w i l l  refer  only to the 
radiometric data from the single source treatments when comparing 
rat ion s ize ef fects  and contributions from dietary and aqueous 
sources.
Comparison of the combined and single exposure accumulation 
curves does show that  the uptake from the two sources is addit ive  
(Figures 6 and 6 ) ,  Uptake of Kepone from a source appears to  be 
independent of the presence of other sources, at least for the 
sources and exposure regimes tested, Macek et al_, (1979) and 
Spacie and Hamellnk (198b) concluded that a d d i t iv i ty  is a good 
assumption for most chemical residues. There may be special
s i tua t ions  where the two sources (food and water) compete or
i n te r f e r e  with each other ,  Such as in the uptake of l^C-Kepone 5y 
b lu e g i l l s  (Macefc et , 1979).  These cases seem to be the exception 
As w i l l  be discussed l a t e r ,  a d d i t iv i ty  was also shown for Kepone 
sources in shrimp,
A d i re c t  l ink between ingestion rate ( ration size) and xenobioti  
die tary  accumulation is obvious from a ls t -order  pharmacokinetic 
standpoint (Norstrum et a l . ,  1976; Bruggeman e t ^ a K ,  1981; Thoman 
and Connolly,  1984; Connolly and Tone l l i ,  1984). In the present
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study a doubling of the contaminated food ra t ion  s iz e  from 4% to  8% 
led to a doubling of the spot whole body Kepone concentration  
fo l lowing 19 days of exposure, a s ig n i f ic a n t  Increase.  Secondary 
uptake of Kepone excreted by the f ish or leached from the food 
represented only 3.3% of the to ta l  body burden at the 20% ration  
s iz e .  The increase in  body burdens with Increased ra t ion  size is  
1n agreement with data from Bahner (unpublished) concerning the 
e f fe c t  of ra t ion  s ize on d ietary accumulation of Kepone by spot 
from whole amphlpods, His data indicate tha t  spot fed 5,  15 and 
2b amphipods (G.35 pg Kepone/g) f o r  22 days accumulated body 
burdens of Q.1U4, 0,226 and 0.330 ug/g, respec t ive ly .
In contrast  to dietary accumulation, spot fed e i th e r  a 4% 
or an 81 ra t ion  of uncontaminated food and exposed to  identical  
aqueous Kepone concentrations for 19 days, did not accumulate 
s ig n i f i c a n t l y  d i f f e r e n t  f ina l  Kepone body burdens. In fac t ,  Kepone 
concentrations in spot fed the 8% ration were s l ig h t l y  less than 
those fed the  4% ra t io n .  This is in te res t ing  since f is h  fed the  81 
ra t ion  were s ig n i f ic a n t ly  larger  and had a greater percent to ta l  
l i p i d  than the f ish  fed the 4% rat ion .  This s l igh t  decrease in 
Kepone concentration for the large fish may have been related to  
growth d i lu t i o n ,  although the clearance r a te  constants (Table 5) 
are not very d i f f e r e n t ,  indicat ing l i t t l e  d i f ference ir> growth 
d i lu t i o n .  These Kepone concentration data Indicate l i t t l e  
re la t ionsh ip  between f ish size and l ip id  content and are in agreement 
with Bender £ t  £l_- (19B4), who found no re la t ionsh ip  between s ize  
and Kepone concentration in f ish  from the f i e l d .  The lack of  
e f fe c t  of ra t ion  size on aqueous Kepone bioconcentration indicates
that  the e f fec t  of rat ion size on d ie tary  accumulation was due to 
increased dose at the 8% rat ion  and not a physiological change in 
Kepone uptake by the f ish result ing from the increased rat ion size  
alone.
The increase in contaminated food rat ion size led to an Increase  
1n dietary Kepone contribution to f in a l  residue burdens, assuming 
b1oconcertrated residues were independent of rat ion s ize .  Dietary  
contributions to whole-body burdens represented 9.7% at the 4% 
rat ion and 18.5% at the 8% rat ion a f t e r  19 days of exposure. 
Contribution to whole-body burdens from the d ietary  source at 
steady state were calculated to be 9.41 and 19.5% at the 4% and 81 
ra t ion ,  respect ively.  These f indings show the importance of rat ion  
size 1n dietary accumulation studies. I f  an invest igator  f a i l s  to 
present an adequate rat ion to his organisms, he can underestimate 
the signif icance of d ietary accumulation of a xenobiotlc.  For 
example, Grzenda j*t  _al_, (1970) investigated d ie tary  accumulation of 
DDT by goldfish ( Carassius auratus} using a feeding rate  of only 
3-4% f ish body weight per week. At th is  very low feeding ra te ,  i t  
is not surprising that he found l im ited d ie tary  DDT accumulation 
and only l imited corre lat ion  between percent l ip i d  content of f ish  
t issues and r e la t iv e  d is t r ib u t io n  of DDT. These results were 
probably due to f ish starvat ion since the accumulation of DDT has 
been shown to be great ly  af fected by l i p i d  content.  (Macek et a!_. ,  
1970; Findlay and deFre itas ,  1971; Hamelink e t  a K , 1971; Hehendale 
et al_., 1972; I v l e e t ^ a K ,  1974; Metcal f ,  1977 ; Moore et a K ,
1977).
The pharmacokinetic parameters calculated by 8 IDFAC for  d ietary
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accumulation and bioconcentration of  Kepone by spot were not af fected  
by ration s ize .  Thus, the ls t -o rd e r  pharmacokinetic p r in c ip le  of 
superposition seems to hold for d ietary accumulation. This p r in c ip le  
states that  the clearance rate  constant (K^) 1s independent of  
organism body burden (Spacie and Hamelink, 1982). The average 
uptake and clearance rate constants for dietary accumulation were 
0.274 day"* and 0,038 day- * ,  respect ive ly ,  y ie ld ing a DAF o f  7.26.
The average uptake and clearance rate constants for bioconcentration  
were 193 day"* and 0,025 day** ,  leading to a 8CF of 7,720.
The pharmacokinetic rate  constants determined in this te s t  
are in general agreement with other l i t e r a tu r e  values. The data 
fo r  spot exposed to 0.029 uy / t  Kepone in water of Bahner et_ al_.
(1977),  yielded K j , Kg and BCF values of 202 day"*, 0.03b day- * and 
b,79U, respect ive ly ,  when reanalyzed with the BI0FAC model. Roberts 
and Fisher (1985) estimated Kj values of  2S0 and 293 day- * f o r  
menhaden and 102 and 208 d a y *  for si lversides in separate aqueous 
exposures to two Kepone concentrations. Clearance rate constants 
(Kg) were estimated at 0.03 and 0.13 day- * for menhaden and 0.002 and 
0.01 day- * for s i lvers ides .  Bender and Hugyett (1984) estimated  
uptake rate  constants for f i e l d  populations of spot and croaker to  
be 77U and 860 day"*,  respect ive ly ,  with clearance rate constants of 
0.01  and 0,008 day- * .  Their uptake rate constants appear very high 
and must be viewed with caution since t h e i r  data is based on Kepone 
uptake from a l l  sources.
Van Veld et a k  (1984) estimated uptake and clearance ra te  
constants of 0,237 day- * and 0,08 day- * ,  respectively,  for d ie ta ry  
accumulation of Kepone by ca t f ish  from an a r t i f i c i a l  food. The
101
uptake rate constant is in good agreement with the estimate from a 
20% ration size of a r t i f i c i a l  food of 0.302 day- * ,  as determined 
for  spot in the present study. The estimates of Van Veld et  a l .
(1984) are based on a s imilar ls t -o rder  pharmacokinetic model to 
the one used in the present study. Stehlik and Merriner (1983) 
used the same model as Van Veld j*t a k  (1984) to determine a mean 
uptake rate constant of 0.310 day-1 for spot fed squid which had 
been soaked in a Kepone solution. They found a clearance ra te  
constant of only 0,0027 day"*.  They related th is  low constant to 
lack of growth of the i r  f ish during the study. F1sh at the 4% 
rat ion 1n the present study grew very l i t t l e ,  but s t i l l  had a 
clearance rate  constant one order of magnitude higher than that  
reported by Stehlik and Merriner (1983). The f ish  used by Stehlik 
and Merriner were somewhat larger than f ish 1n the present study.
I t  is possible that differences 1n tota l  l ip ids  or changes in 
constituent l ip ids could have caused the di fference in rate  
constants.
Clearance rate estimates a f te r  exposure to  Kepone in food or 
water were similar  although there was a s l ig h t l y  lower clearance 
rate of Kepone residues obtained from water than food (0.025 vs 
0.037 day"*).  A relationship between route of exposure and clearance 
rate  has been reported for some metals in f is h ,  especial ly lead 
(Vighi,  1981) and zinc (Giesy et a k * 1980). The d i f fe ren t  clearance 
rates for residues obtained from food versus water was a t tr ibuted  
to ei ther  d i f fe ren t  si tes of accumulation ( g i l l  vs digestive t ract)  
or d i fferent  forms 1n which the metal was accumulated (organic vs 
inorganic).  L i t t l e  l i t e r a tu r e  exists concerning clearance rates
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from the two routes of exposure for pest ic ides and other organic  
compounds. Bruggeman et  ^ a k  (1984) Invest igated  d ie ta ry  and aqueous 
exposure of a ser ies  of compounds in f i s h  using a ls t -o rd e r  
pharmacokinetic model. Although not noted 1n t h e i r  paper, there  
seems to be a trend in  the reported clearance rate  constants towards 
lower clearance rates a f t e r  aqueous exposures, espec ia l ly  for  
l i p o p h i l i c  compounds. For example, clearance ra te  constants for  
male guppies were less for aqueous exposure than d ie ta ry  exposure 
fo r  decachlorobiphenyl (0.0U2 vs 0.004 d a y * * ) ,  hexachloroblphenyl  
(0.U04 vs 0,01 day** )  and tetrachlorobiphenyl  (0 .015 vs 0,033 d a y " * ) .
I f  a l s t - o r d e r  pharmacokinetic model is accepted to describe  
bioaccumulation of non-metabolizable xenobio t ics ,  then one assumes 
tha t  clearance rates are the same, regardless o f  the source of the  
compound (B1au et  ^ a k , 1975; Branson et  al_, , 1975; Blanchard et  
a k  i 1977 ; Hamel i n k ,  1977 ; Bruggeman e t  a l . , 1981; Pizza and 
O'Conner, 1983).  In two separate s tud ies ,  Bruggeman et  a k  (1981;
1984) found that  clearance ra te  constants were inversely  re la ted  to  
l i p i d  content of goldf ish ( Carassius aura tus ) and yuppies ( Poeci11a 
r e t i c u l a t a ) . An increase of less than 3 percent t o ta l  l ip id s  caused 
a s i g n i f i c a n t l y  decreased clearance ra te  of  PCBs and re la ted  aromatic 
compounds by goldf ish  and guppies. Bruggeman et  ^ _ak (1984) concluded 
tha t  clearance ra te  was the main fac tor  in determining the 
bioaccumulation potent ia l  of a compound. Other invest igators  have 
also l inked low clearance rates to high bioaccumulation potent ia l  
(Neely ,  1974; Macek e t  j i k ,  1979; Koneman, 1980; Pizza and O'Conner,
1 9 8 3 ) .
in the present study, there was a trend towards greater
percent l i p i d  In f ish exposed to aqueous Kepone than In f ish  fed 
contaminated food, although th is  trend was not s t a t i s t i c a l l y  
s ig n i f i c a n t .  Those f ish with higher I1p1d content a lso had lower 
clearance rates than f ish which consumed contaminated food, 1 do 
not know whether such small changes 1n l i p i d  content (0 .7  t o  l .BS)  
could result  1n these clearance rate  changes. Van Veld et a l .
(1984) indicated a propensity f o r  Kepone to associate with more 
polar l i p i d s .  Although there was no trend evident 1n constituent  
l ip id  d is t r ibu t ion  within the to ta l  l ip id  pool from f is h  exposed to  
aqueous or d ietary Kepone, an increase in  t o ta l  l i p i d  content would 
nevertheless result  in an increase In the t o ta l  amount of the more 
polar consti tuents. This could lead to lower clearance rates for  
residues accumulated from the aqueous Kepone source. I t  Is in te re s t ln  
that Kepone accumulated by shrimp from the aqueous source also was 
cleared slower (Kg = 0.013 day* 1 +_ 0.002 a) than that  accumulated 
from the food (Kg = 8.019 day" 1 +_ 0,002 a ) , Since these clearance  
rates for  the two exposure routes were derived from the same shrimp 
samples using the combined GC/radiometric method, there could be no 
di f ference in l ip id  content.
Another possible explanation for the d i fferences in clearance  
rates between aqueous and d ie tary  accumulated Kepone may H e  in the 
uptake pathways from each source. Bloconcentration from water 
Involves par t i t ion ing  across the g i l l s  d i r e c t ly  to  the blood. From 
th is  point ,  par t i t ion ing  H  possible to other organs and t issues  
pr io r  to del ivery to the H v er  of  f ish or the hepatopancreas of  
shrimp (T e a l ,  1977),  In contrast ,  accumulation from d ie tary  sources 
across the gut would lead more d i rec t ly  to  the l i v e r  (v ia  the
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hepatic portal  vein) or the hepatopancreas. D i f fe r e n t ia l  accumulation 
of various petroleum hydrocarbon f ract ions in the l i v e r  and muscle 
of f ish has been l inked to differences in  uptake pathways from f o o d  
and water (Shaw and Reidy, 1979; Teal,  1977; Mackie et a k , 1974).
Van Veld et a k  (1984) showed tha t  a small amount of biotransformatlon  
of Kepone to a Kepone alcohol did occur in the in tes t ines  and l iv e r  
of c a t f is h .  Because of the d i f f e r e n t  accumulation pathways, d ietary  
Kepone may be more readily exposed to biotransformation, leading to 
the s l igh t  clearance rate differences seen in the present studies.
Much of the difference seen in clearance rate  constants 
may simply be a function of differences in sample v a r i a b i l i t y  
following d ie tary  and aqueous exposure. There appeared to be much 
greater v a r i a b i l i t y  1n Kepone concentration in samples from the 
dietary exposure than those from the aqueous exposure. This Is 
most l i k e l y  due to somewhat greater ana ly t ica l  v a r i a b i l i t y  at low 
concentrations of Kepone accumulated from the d ie tary  source. The 
BIOFAC model predictions are more precise when there  is less v a r i a b i l i t y  
in oryanlsm Kepone concentrations, as would be expected. Even when 
the v a r i a b i l i t y  between sets o f  data is homogeneous, the BIOFAC 
program can predict d i f ferent  constants. For example, when a 4% 
ration of contaminated food is  fed to shrimp e i th e r  alone (4F) or 
1n combination with aqueous exposure (4FW), the BIOFAC program 
predicts curves for dietary accumulation of Kepone which are 
indistiguishable from each other (Figure 8 } ,  In contrast,  the 
model predicts clearance rate constants from the two curves which 
d i f f e r  by almost 9%. The question then becomes, how much of a 
difference in these parameters represents a meaningful di fference?
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With the small sample sizes necessi ta ted by the experimental design, 
BIOFAC may not be able to pred ic t  the same rate  constants even from 
re p l ic a te  exposures. 1 believe much of  the di fference in these 
r a te  constants is an a r t i f a c t  of the greater  v a r i a b i l i t y  seen In 
f is h  body burdens a f t e r  d ie tary  exposures. Any remaining unexplained 
d i f fe re n c e  in clearance rates f o r  f ish  from the two types of exposures 
i s .  In a l l  l i k e l ih o o d ,  a funct ion of d i f f e r i n g  accumulation routes 
ra ther  than d i f fe rences  in l i p i d  content.
The clearance ra te  constants based on to ta l  Kepone per f ish  
ind ica te  tha t  there is  some process other than growth d i lu t ion  
which is causing decreases in Kepone concentration over the depuration 
phase. Most of the clearance probably is  simple par t i t io n in g  of 
Kepone from storage s i te s  (phospholipids) to blood and f i n a l l y  to 
water via the g i l l s ,  plus b i l i a r y  and e x t r a b l l i a r y  excretion (Van 
Veld et  a k  , 1984),  There may be a small percentage of Kepone 
(1,7% in channel c a t f is h  a f te r  2  weeks; Van Veld et  ^ a k , 1984} 
biotransformed to  Kepone alcohol and cleared by these same routes.
The f ish  growth data indicates that  the d i f fe rence  in clearance 
ra tes  seen f o r  to ta l  Kepone between the 8% rat ion  and the 4% ration 
was a funct ion of increased spot growth at  the larger  r a t io n .
The data from the  8% rat ion  size experiment Indicate that  
d ie ta ry  accumulation of Kepone can represent approximately 20% of 
the t o ta l  Kepone body burden In spot exposed to  q uan t i ta t ive ly  
re la te d  aqueous and d ie ta ry  sources of the pest ic ide .  These f indings  
are In d i r e c t  contrast to the conclusion by Macek et j i k  (1979) 
th a t  d ie ta ry  accumulation of Kepone in a plankton-mysid-spot food 
chain would represent less than 0.2% of the f in a l  Kepone residue
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body burdens in spot. Macek et  ^ a K  (1979) used th is  Kepone data 
plus other l i t e r a t u r e  review data and three laboratory studies as 
the basis for  t h e i r  conclusion tha t  dietary accumulation of  xenobiotics 
in aquatic food chains is  in s ig n i f ic a n t  when compared to d irect  
uptake from water.  They indicated th a t  only DDT seemed t o  be an 
exception, due to i t s  extremely slow clearance rate .
There are a number of  problems with the Macek e t ^ K  (1979) 
study and i t s  conclusions. F i r s t ,  they based many of t h e i r  ideas 
on laboratory studies which they conducted using three compounds, 
none of which had a BCF greater  than 183, Most toxico logis t  would 
agree th a t ,  fo r  the more water soluble compounds, there would be 
l i t t l e  to ta l  accumulation and thus l i t t l e  chance for d ie tary  accumulation. 
For more l ip o p h i l i c  compounds there is greater  potential  fo r  tota l  
accumulation and therefore  d ie tary  accumulation (Bruggeman et a I , ,
1984).
A second problem apparent with the Macek et  ^ a k  conclusion is 
the use of the Bahner e t  ji_k (1977) study to demonstrate the  
insignif icance of d ie tary  accumulation of kepone by spot. Bahner* $ 
study v io lated  two of the basic tenets which Macek et £ k  indicated  
necessary i f  one is to  compare routes of uptake. F i rs t ,  the various 
food chain components were not contaminated to  steady s ta te  
concentrations with aqueous Kepone exposures. Second, and most 
important,  the various food chain components were not exposed to 
the same concentrations of  aqueous Kepone; mysids were not exposed 
to aqueous Kepone at a l l .  The mysid's only source of Kepone was 
brine shrimp which had been exposed to 6 ng Kepone/t water.  Since 
mysids have been shown to bioconcentrate Kepone 6,000-13,000 times
{Bahner et a U , 1977), the possible input to spot from rnysids was 
severely underestimated. I f  one recalculates the d ie tary  contr ibut l  
assuming a mysid BCF of  9,600 and a more r e a l is t i c  spot 8CF of 
6 ,000 , the d ie tary  accumulation of Kepone by spot could account for  
almost 60% of the to ta l  Kepone body burden.
There is no reason to question the Macek et  ^ al_, (1979) 
conclusion fo r  the vast majority of aquatic contaminants which are 
water soluble or metaboll iable .  However, one cannot dismiss the 
environmental importance of d ietary accumulation of xenobiotics 
based solely on data front more water soluble compounds. As our 
knowledge of s t ru c tu re /a c t iv i ty  relationships of compounds increases 
new pesticides and herbicides w i l l  be designed which produce a 
specif ic  ta rge t  e f fec t  but which can be e f f i c i e n t l y  metabolized and 
excreted by non-target organisms. We have to face the fact that  
many presently used industr ia l  and agr icu l tura l  compounds which 
f ind th e i r  way to the aquatic environment are highly l ip o p h i l ic  and 
unmetabolizable.  This l ip o p h i l i c  character dictates that  clearance 
from organisms w i l l  be slow and the potent ia l  for  accumulation 
high. Slow clearance also means these chemicals w i l l  be persistent  
environmental contaminants, as indicated by the DDT, PCB and Kepone 
problems during the last  few decades. Thus, although these types 
of compounds represent only a small percentage of the to ta l  possible 
aquatic contaminants, they are of major concern in terms of the 
overall  health of the aquatic system. According to  Bruggeman et  ^
a l . (1984) ,  these more l ip o p h i l i c  contaminants ( log P > 4,0 to 5 .0)  
w il l  be accumulated through the food chain and cause long term 
threats to higher organisms, including man. Other recent l i t e r a t u r e
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concerning actual bioactumulation studies and pharmacokinetic models 
emphasize the importance of the food chain in bloaccumulation of 
more l i p o p h i l i c  compounds (N11m1 and Cho, 1981; Borgmann and W hi t t le ,  
1983; O l ive r ,  1984; Thomann and Connolly, 1984; O l iver  and 
N11mi, 1985; Connolly and Ton e l l i ,  1984}.
Kepone Accumulation vs Food Ration Size -  Shrimp
As In the spot experiment, a doubling of the Kepone contaminated 
food ra t ion  s ize  resulted in a s t a t is t i c a l ly  s ign i f ican t  increase 
in  f in a l  Kepone body burdens in shrimp, Secondary uptake of  Kepone 
by shrimp was i rs lg n i f le a n t  over the 16 day uptake phase. In 
16-day experiments, the shrimp fed an 0% ration of Kepone contaminated 
food ( 8FU) had approximatley I  1/? times the wtiole-body Kepone 
concentration from the dietary source as shrimp fed the 4% ration  
(4FW). In contrast ,  Kepone bioconcentrated from equal aqueous 
Kepone concentrations did not d i f f e r  s ign i f ican t ly  at  the two 
ra t ion  s izes .  At both the 41 and 81 rat ion sizes, the to ta l  Kepone 
concentrations bioaccumulated from both sources was s ig n i f ic a n t ly  
greater  than bioconcentration from the aqueous source alone. This 
implies that  d ie tary  accumulation of Kepone, even from less than a 
maintenance ra t ion  (41 ) ,  results in a s ignif icant  contribut ion to  
to ta l  Kepone body burdens 1n shrimp.
The extent  of the d ietary contribution was calculated from 
residues in  the combined exposure treatments (4FW and BFW). At 
steady s ta te  i t  was estimated, using BIOFAC rate constants, that  the  
d ie ta ry  contr ibut ion represented approximately 23% and 30% of the 
to ta l  Kepone bioaccumulated by the shrimp fed the 4% and 8% ra t ion ,  
re sp e c t ive ly .  This is in agreement with the actual contributions
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measured d i r e c t ly  a f te r  16 days. At that  time the d ie ta ry  contr ibut ion ,  
based on ac tua l ,  measured values, represented 24% and 33% o f  the 
to ta l  Kepone at the 4 and 8% rat ion ,  respect ive ly .  These results  
agree with the e a r l i e r  spot data ind icat ing  a s ig n i f ic a n t  d ie tary  
contribut ion of  Kepone, even at what 1s generally  considered a lower 
level of the food chain.
As with spot, Kepone accumulated from food and water are  
add i t iv e .  The d ietary accumulation of Kepone by shrimp fed a 4% 
rat ion of contaminated food alone (4F) or in combination with an 
aqueous Kepone exposure was the same. This indicates that  d ie tary  
accumulation is independent of aqueous exposure, at least  at the 
Kepone concentrations tested here. S im i la r ly ,  bioconcentration of 
Kepone from water was the same whether the shrimp were exposed in 
water alone (4W) or with contaminated food. The to ta l  Kepone 
accumulated is  the same, whether i t  is computed by adding the two 
independent exposures (4F+4W) or by measuring d i r e c t ly  from the  
combined exposure (4FW) (Figure 8 ) ,  The s i m i l a r i t y  1n pharmacokinetic 
parameters, especia l ly  the clearance rate constants, between combined 
and independent exposure also indicate a d d i t i v i t y  (Table 5 ) .
There is l i t t l e  data available  concerning the pharmacokinetics 
of Kepone accumulation in grass shrimp. Bahner et_ a K  (1977) reported 
that shrimp appeared to approach steady state with 0,023 ug / t  
Kepone in water a f te r  only 10 to  20 days. These invest igators  
also reported a time to one-half  (T 1/2) clearance of 28 days.
These data are quite d i f fe re n t  from the values determined 1n the 
present study [T 1/2 = 50 days, time to  90% steady state  = X50 
days). When reanalyzed by B10FAC* th e i r  data yie lded T 1/2 clearance
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and time to steady state values of  15 and 50 days, respect ive ly .
Clearance rate  constants were much larger than 1n the present study 
(0.046 vs 0.013 day"1) .  Temperature may have been p a r t i a l l y  responsible 
for  these di fferences in clearance, since the e a r l i e r  study was 
conducted at 27* C, The lack of s u f f ic ie n t  residue data (1 pooled 
sample per sample period) may have resulted in poor parameter estimates 
by BI0FAC fo r  the Bahner study. I t  is noteworthy that  Bahner et 
a l . (1977) reported a BCF of 11,000 for a companion study with 
grass shrimp exposed to 0.4 ugA  Kepone In water. This value 
is s im ilar  to  the BCFs calculated 1n the present study.
The rat ion size of contaminated food fed to the shrimp did not 
have a s ign i f ican t  e f fec t  on the uptake and clearance rate  constants 
governing d ietary accumulation. This Indicates that the pharmacokinetic 
pr inc ip le  of superposition 1s va l id  for Kepone d ie tary  accumulation 
by shrimp, as well as spot. As in the spot experiment, there is a 
trend towards reduced clearance rates from residues bioconcentrated 
form the aqueous source. This does not appear to be related to 
l i p i d  content.  For each rat ion size in the combined exposure 
treatments, (4FW and BFU), the f in a l  Kepone residue body burdens 
for  shrimp from both dietary and aqueous exposure were determined 
from the same shrimp samples using combined gas chromatography and 
radiometric methodology. This el iminated possible di fferences in 
l i p i d  content,  so tha t  the trend towards reduced clearance of residues 
from the aqueous source must be explained some other way. As discussed 
in the spot experiment, the differences in  clearance rates may be 
a t t r ib u ta b le  to differences in sample v a r i a b i l i t y  within treatments 
or to differences in the pathways of accumulation.
I l l
Kepone Accumulation -  Shrimp vs Spot
The body burdens of Kepone in the shrimp and spot due to
bioconcentration were not s ig n i f i c a n t ly  d i f fe ren t  at the end of the  
respective uptake phases. In contrast ,  the dietary accumulation of  
Kepone at equal rat ion sizes led to  s ig n i f ic a n t ly  greater  body
burdens in the shrimp than the spot at the end of uptake. The
higher Kepone concentrations in shrimp were apparently a result o f  
greater assimilation of Kepone from coarsely ground food compared 
to the f in e ly  ground food used in the spot experiment. A comparison 
of the uptake rate  constants of the two species supports this 
contention. As discussed e a r l i e r ,  the uptake rate constant gives 
an indicat ion of the assimilation e f f ic iency  of an organism fo r  the  
compound in question. Shrimp fed coarsely ground food at  a 4% 
rat ion had a mean uptake rate  constant of 0.487 day"1 , while spot 
fed f in e ly  ground food had an uptake rate constant of only 0,268 
day '* .  These constants y ie ld  estimated assimilation e f f ic ie n c ie s  
(K3 x 100 x t)  of 49 and 27% fo r  shrimp and spot, respect lve ly .  The 
same type of di fference between ass imilat ion from the two types of 
food preparations could be seen in the 24-hr assimilation e f f ic iency  
experiments, where shrimp assimilated 38 or 22% of the Kepone from 
a 4% ra t ion of coarsely or f in e ly  ground food, respectively.
Since clearance rate constants are assumed to be independent of 
exposure concentrations, they can be compared d i rec t ly .  The clearance 
rate constants for shrimp were approximately one-haif  those fo r  spot 
for  each exposure source, regardless of rat ion s i2e. For example, 
clearance rate constants from d ie tary  accumulated residues averaged 
0.019 d a y l  and 0.037 day" 1 for shrimp and spot, respect ively.  For
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bioconcentrated residues, clearance rate  constants averaged 
0.013 day" 1 for shrimp and 0,025 day-1  for  spot.
Differences in clearance rate constants between the shrimp 
and f ish might be related to differences in l ip id  content, since 
shrimp had a greater l i p i d  content (5.7%) than spot (4.4%), although 
this difference was not s ig n i f ic a n t .  Total l ip ids  probably are not 
too important in determining clearance rates of Kepone, as discussed 
e a r l i e r .  However, i t  has been shown that  crustaceans generally 
have a greater percentage of wax esters and cholesterols than 
vertebrates (Sargent, 1976).  Skalsky et £j_. (1979) revealed an 
association of Kepone with high density l ipoproteins and albumin in 
humans, A major portion of these l ipoproteins are cholesterol 
esters.  Since the constituent l ip id  groups were not analyzed further  
in the present study, i t  is impossible to determine whether differences  
in l ip i d  constituents could explain these clearance rate differences.
Another possible explanation for differences 1n species 
clearance rates may l i e  in the a b i l i t y  of each species to biotransform 
and el iminate specif ic compounds. Catf ish can biotransform Kepone, 
to some extent, to a more easily  el iminated Kepone alcohol (Van 
Veld e t  aK , 1984).  Fish also have a number of routes of el imination  
of Kepone, including b i l i a r y  and trxtrabi 11ary excretion into the 
in te s t in e ,  di rect d i ffusion across g i l l  surfaces and excretion 
through mucus (Van Veld e t ^ ^ K ,  1984). No information has been 
reported on routes of Kepone excretion by grass shrimp, but i t  
seems plausible that  the major route would be d i f fusion across the 
g i l l s  and the general body surface. Thus, the excretion of Kepone 
as parent compound and biotransformation product may be faster  in
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f ish due to  the many special ized excretory mechanisms they possess.
The clearance rate  constants ind icate  that shrimp should 
bioaccumulate Kepone to a greater extent than spot,  even 1f both 
species are presented the same type of food. Since clearance rate 
constants are independent of exposure concentration, 1t  should take 
shrimp twice as long to  reach steady s ta te  and twice as long for  
clearance, regardless of the food type (Table 5 ) ,  These data 
support e a r l i e r  work concerning the importance of clearance rate 
constants in determining the bioaccumulation potential  of xenobiotics 
(Neeley, 1974; Macek et  ^ a K  , 1979; Koneman, 1980; Pizza and O'Conner,
1983).  The greater  bioaccuinulatlon potent ia l  of shrimp may, in 
turn, help explain the r e la t i v e  in s e n s i t iv i t y  of th is organism to 
Kepone t o x i c i t y  (96 hr L C ^  = 69,b ug/ t )  compared to spot (96 
hr LC^u = 6.6  ug/e).  The shrimp may be able to sequester Kepone 
in a l ip id  pool and therefore reduce i t s  potent ia l  for  toxic  e f fe c t ,  
especia l ly  in an acute exposure.
Accelerated Test -  Spot
The accelerated tes t  Kepone data for d ie tary  accumulation y ie ld  
predictions of clearance rate  constants s imilar  to those from the 
long term t e s t ,  especial ly  at the 8% rat ion  (0.040 day-1  vs 0.037 
day"1 , re s p e c t iv e ly ) . There 1s a large d i f ference in the predictions  
of uptake rate  constants between the long term and accelerated test  
methods due most l i k e l y  to the very short uptake period for dietary  
accumulation. This short period provides two p o s s ib i l i t ie s  for  
increased v a r i a b i l i t y  which would probably be damped out in a long 
term t e s t .  F i r s t ,  the l im i ted  number of feedings(4) could lead to 
an uneven d is t r ib u t io n  of Kepone among tes t  f i s h .  Second, each
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feeding would Input only a small amount of Kepone to the f is h  
leading to Increased ana ly t ica l  v a r ia b i l i t y  1n determining whole- 
body residues, especial ly a f t e r  the f i r s t  feeding.  This would be 
especial ly  important at small ration s izes .  A much greater  v a r i a b i l i t y  
was observed in measured concentrations in spot fed the 4% ra t ion  
size than those fed the 8% ra t ion  size (Figure 13a and b ) .
As mentioned e a r l i e r ,  the GC/radiometric an a ly t ica l  method 
used to separate f o o d  and water Kepone accumulation In the 20% rat ion  
size  accelerated test  resulted in greater a n a ly t ic a l  v a r i a b i l i t y  
then the radiometric analysis used for the long term independent 
exposures. This,  in a l l  l ik l ih ood ,  explains much of the d i f ference  
in the pharmacokinetic parameters between the 2GFW tes t  and the  
long term tests (4F, 8F, ?0F, 4W and 8W),
The results support the use of accelerated tes ts  to determine 
bioconcentration k ine t ics ,  as proposed by Branson et  aj_, (1975),  
and d ietary accumulation k in e t ic s .  The accelerated tes t  has the  
advantage of savings in time and e f f o r t .  One way to  reduce the  
v a r i a b i l i t y  during the short uptake period would be to use a high 
toxicant concentration in the food and/or a la rye  rat ion s ize .
Either  method would y ie ld  high body burdens of to x ic a n t ,  increasing  
the measurement precision of toxicant residues. Since our long 
term rat ion size experiments showed that  the pharmacoklnetlcs of  
uptake were independent of rat ion size,  th is  would be a va l id  way 
to get the same pharmacokinetic information in a shorter t im e .
Also, one can use radiolabeled compounds and sample oxidation  
ana ly t ica l  methods to  reduce v a r ia b i l i t y  fu r th e r .
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Dietary Accumulation of Kepone by Spot from a Natural and A r t i f i c i a l  
Food Source
Spot were able to accumulate less Kepone from the natural food 
source than from the a r t i f i c i a l  source at a 20% rat ion s iz e ,  although 
th is  di fference was not s ig n i f ic a n t .  The assimi la t ion e f f ic ie n c y  
predicted by the BIQFAC model (K3 x 100 x t ) ,  was greater  for  the 
a r t i f i c i a l  food (30%} than for the natural food (24%) (Table 5 ) ,
This di fference was also evident In the 24-hr assimi la t ion e f f ic ie n c ie s ,  
where spot assimilated 15% of the Kepone from the natural food and 
20% from the a r t i f i c i a l  food (Table 6 ) .  The assimi la t ion e f f ic iency  
from the a r t i f i c i a l  food is  very s im i la r  to that  found by Van Veld 
et a K  {1984) for cat f ish  (24%) and Kepone, which suggests that  
assimilation e f f ic ien c ies  fo r  Kepone are independent of a r t i f i c i a l  
food type and f ish species.
Although data obtained using f in e ly  ground food indicated  
otherwise, the assimilation e f f ic iency  from a r t i f i c i a l  food was 
expected to be less than from a whole natural food (Connolly and 
T o n e l l i ,  19B5). Data obtained using f in e ly  ground food in th is  
study may severely underestimate the assimi la t ion e f f ic iency  from a 
whole food item, as discussed e a r l i e r .  For example, analysis of 
data from Bahner (unpublished), indicates an ass imi la t ion ef f ic iency  
of approximately 50 percent for spot fed Kepone contaminated whole 
amphipods, compared to the 15 percent Indicated in the present 
study.
The uptake rate constant estimated at the 2U% ra t ion  of 
natural food is  1n good agreement with that predicted from the 4% 
and 8% ration sizes in the e a r l i e r  experiment (Table 5 ) .  This 
indicates that  the assimilation e f f ic ien cy  fo r  Kepone is independent
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of ra t ion  s iz e  as long as the same food is  used. The rest of  the 
pharmacokinetic parameters must be viewed with caution because of 
the very large  standard deviations associated with them. The 
BIGFAC program estimated the clearance ra te  constant and a l l  other 
parameters at the 20% r a t io n ,  although one can have l i t t l e  confidence 
in  the values because there were no clearance data ava i lab le .
There was a s ig n i f i c a n t  increase in whole body concentrations 
of Kepone fo r  spot fed a 2U% ra t ion  of contaminated natural food 
when compared to  spot fed a 4% and an 8% rat ion  of the same food 
(F igure  16 ) .  Uptake phases of th is  experiment and the long term 
ra t ion  size experiment lasted 19 days and both tests  were conducted 
a t  23°C. Thus, f in a l  Kepone body burdens 1n f ish  from the three  
treatments are d i r e c t l y  comparable. The f ish  fed the 20% ration  
were somewhat la ryer  than those fed the 4% and 8% rat ion at  the end 
of the uptake phase (3 .34  g vs 2.15 g ) ;  however, size i t s e l f  does 
not appear to a f fe c t  Kepone concentration (Bender and Huggett,
1934) ,  The f is h  fed the 20% rat ion  s ize had a greater  l ip id  content 
than those fed the other two rat ions (20 -  6.9%; 8 -  4.7%, 4 -  4.1%).
As discussed e a r l i e r ,  l i p i d  content alone does not appear to cause 
any s i g n i f i c a n t  changes in Kepone bioaccumulation. For example, 
f i s h  exposed to  Kepone in water and fed an 8% rat ion  of uncontaminated 
food were s i g n i f i c a n t l y  la rge r  (2 .5g )  than those fed a 41 ration  
(2 .1 g )  and had a greater  percentage t o t a l  l i p i d  (5 .9  vs 4,7%).
However, the f is h  fed the 8% ra t ion  accumulated s imilar  concentrations 
of Kepone to smaller f i s h ,  a resu l t  consistent with the f indings 
th a t  size and l i p i d  content are not re la ted  to Kepone accumulation.
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The increased Kepone body burden fo r  f ish  fed a 20% rat ion  of 
contaminated food should resul t  in a large contribution from the  
dietary source i f  f is h  were exposed to aqueous and d ie tary  sources 
simultaneously.  To reach th is  conclusion 1 assumed: 1) the body
burdens from d i f f e r e n t  sources of  Kepone are ad d i t iv e ,  as shown for  
shrimp and spot , and; 2) uptake of  aqueous Kepone is Independent 
of rat ion s iz e ,  as shown e a r l i e r .  Thus, d ie tary  accumulation from 
a 20% rat ion size would contr ibute  approximately 38% of the Kepone 
to f ina l  spot body burdens during simultaneous d ie ta ry  ( f i n e l y  ground 
food) and aqueous exposure. This represents s l ig h t ly  more than a 
doubling in Kepone contr ibut ions i f  the food rat ion size was increased 
from 8% to 20% and again points to the importance of ration s ize  in 
dietary accumulation te s ts .
Distr ibut ion  of l*C-Kepone in L ip id  Constituents
In th is  study, t o ta l  l i p i d  was separated into three major 
groups by column chromatography. Column extract ion  with CHCI3 , 
acetone and methanol col lected neutral  l i p i d s ,  glycol lp lds and 
phospholipids, respect ive ly .  Van Veld et a K  (1984) indicated a 
propensity for  Kepone to accumulate in t issues r ich  in phospholipids.  
Analyses of t issues from the present study indicated that most 
^C-Kepone was associated with the g lyco l ip ids .  These results must 
be viewed with caution, though. I t  is not cer tain whether the  
^C-Kepone stayed bound to the specif ic  l ip id s  during the l i p i d  
extract ion procedure or whether i t  became free  Kepone In so lut ion .
I f  the l a t t e r  case is t ru e ,  then th is  method may overestimate the 
rad io ac t iv i ty  in the g ly co l ip id  f ra c t io n .  Since Kepone is very 
soluble in acetone, the washing with acetone during the second
ue
column elut ion would remove most of the dissolved free Kepone from 
the column, thus causing a fa lse  measure of rad ioac t iv i ty  bound to  
the g lycol ip ld  f rac t ion .
Application of BCF and DAF values to f i e l d  Kepone exposure levels
Assimilation e f f ic ie n c y  experiments with both species confirmed 
that  d ietary accumulation of Kepone was less when organisms were 
fed f ine ly  ground food. By manipulating the inputs to  B1GFAC, 
estimates fo r  the Kinetic rate  constants based on a greater assimilation  
ef f ic iency can be obtained, I f  the or ig inal  dai ly  d ietary  input 
dose to spot at  the 8% rat ion  treatment ( 8F) is  reduced by one-third  
and used as the new dose for the program, and the or ig ina l  spot 
body burden data are used, B10FAC predicts a uptake rate  constant 
which is approximately three times greater than the or ig inal prediction  
(0.795 vs 0.265 day- 1 ) .  In e f f e c t ,  the program predicts a greater  
assimilation e f f ic iency  than before, one which is more in agreement 
with the l ip o p h i l i c  nature of Kepone [Spade and Hamel ink ,  1985).
Since the predicted clearance rate  constants are the same regardless 
of i n i t i a l  dose (0.037 day- 1 }, th is  results 1n a greater DAF (21 vs 
7) at  the higher assimilation e f f ic ie n c y .  This indicates a greater  
contribut ion from the food than predicted using the poor assimilation  
ef f ic iency from the f in e ly  ground food source.
Another factor  that  most l i k e ly  lead to an underestimate of  
dietary  accumulation by spot and shrimp was the short exposure period 
used to contaminate grass shrimp which were used as the food source.
The food prepared from the or ig ina l  16-day aqueous Kepone exposure 
averaged 0.101 Kepone/y ground shrimp. The B10FAC predicted 
pharmacokinetic parameters indicate that  i t  should take grass
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shrimp approximately 160 days to reach steady state with 0.04 ug 
Kepone/t water,  at  which time they would contain almost 0,5 ug 
Kepone/g (Table 5 } .  Thus, there would have been a greater input of 
Kepone from the food source I f  the grass shrimp which were used as 
food would have been allowed to reach steady state with the aqueous 
Kepone.
Kepone residues in spot in the James River in 1982 averaged 
0.24  ug/g whole-body wet-weight (0.15 ug/g near the r iver  mouth 
and 0.37 v g / g  near the turb id i ty  maximum zone) (Bender and Huggett,
1984).  Using a BCF and DAF of 7,000 and 7 .4 ,  respect ively,  fo r  
spot and a BCF of 13,000 for shrimp, equil ibrium body burdens for  
spot in the James River can be predicted. Note that  the DAF used 
here does not take in to  account possible underestimates of d ie tary  
accumulation in the experimental design, as outl ined above. Aqueous 
Kepone concentrations in the James average 0,007 pg/c (Slone and 
Bender, 1980; Strobel et jFK,  19B1). I f  an average food consumption 
ra te  of 10% Is used for spot and shrimp, bioconcentration and 
d ie ta ry  accumulation of Kepone by spot would y ie ld  body burdens of 
0.049 ug/g (0.007 » $ /  1 x 7 ,000 BCF) and 0.067 ug/g (0.007 ug I t  
x 13,000 BCF * .091 vg/g x 101 x 7.4 DAF), respect ive ly .
The above calculat ions assume that  the f ish fed only on shrimp 
exposed to  Kepone in water.  Since grass shrimp have a DAF of  
approximately 22, more Kepone would be available to spot which were 
fed shrimp exposed to aqueous Kepone and contaminated food. For 
spot fed shrimp which were allowed to accumulate Kepone f:om both 
sources, the concentration at steady state due to dietary accumulation 
can be estimated to be 0.215 ug/y (0.007 gg/jt x 13,000 BCF = 0.091 ug/g
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x 101 x 22.4 DAF * 0.204 ug/g + 0.091 ug/y from water ■ Q,2y5 ug/g 
1n shrimp from a l l  sources x 10% x 7.4 DAF =* 0.215 u<j/g). Since 
d ie ta ry  and aqueous sources are add it ive ,  th is  y ie ld s  a predicted  
f i e l d  concentration in  spot of 0.264 ng/g (0.049 + 0 .2 1 5 ) ,  with  
d ie ta ry  contribut ions representing approximatley 81% of the t o t a l .
Thus, even with the r e l a t i v e l y  low DAF computed fo r  spot 1n the  
present study, a good estimate of Kepone levels in the f i e l d  is 
possible.  To make these calculat ions one must assume that  a l l  
organisms are at steady s tate  with aqueous Kepone, an assumption 
which may not be t o t a l l y  va l id  fo r  slowly cleared xenobiotlcs.
This study indicated that  aqueous Kepone bioconcentration  
from water was independent of food consumption r a t e .  Ribeyre et  
a l . (1980) have shown that  dietary accumulation of  xenobiotlcs  
becomes more important than bioconcentration from water at  high 
temperatures due simply to increased food consumption. Thus, any 
differences between Kepone concentrations 1n spot from the f i e l d  
and predicted from laboratory data could be the resu l t  of  di fferences  
in food consumption rate or food Kepone concentrations. As spot 
migrate in to  the estuary in the spring, water temperature and 
presumably food consumption rates increase, leading to greater  
inputs of Kepone to organisms. For a compound that  is cleared  
slowly,  t h is  extra d ie tary  input could lead to high body burdens 
which appear unrelated to aqueous Kepone concentrations. The major 
reason d ie ta ry  contributions of l ipop h i l ic  compounds have been 
underestimated in the past is the f a i lu r e  of invest igators  to  
account fo r  feeding rates and the manner in which changes 1n these  
rates a f fec t  dietary accumulation of slowly cleared compounds.
CONCLUSIONS
1) Dietary accumulation of Kepone by spot and shrimp led to 
sign i f ican t  increases in to ta l  Kepone body burdens in both spedes
in combined food and water exposures when compared to bioconcentrated 
residues alone. Dietary contributions of Kepone accounted for  a 
maximum of 38% of the f ina l  residue body burden in spot and 33% in 
shrimp.
2 ) An increase in contaminated food rat ion size ( i . e .  food 
consumption) led to a s ign i f ican t  Increase in f in a l  whole body 
concentrations of Kepone in both spot and shrimp. For example, a 
doubling of the ration size fed to  spot caused a doubling in  f ina l  
whole body Kepone residues,
3) An increase in uncontaminated food ra t ion  size fed to
spot and shrimp exposed to Kepone 1n water did not cause a s ign i f ican t  
increase in organism Kepone residue leve ls .
4) An increase in contaminated rat ion size led to a s ign i f ican t  
increase in the contribution of d ie tary  Kepone to tota l  Kepone 
residues in both spot and shrimp.
b) Contributions of Kepone from dietary  and aqueous sources 
were addit ive in determining to ta l  Kepone body burdens in both spot 
and shrimp.
6 ) Apparent Kepone assimilation e f f ic iency  from the prepared 
food was dependent on f ina l  food preparation, A f in e ly  ground food 
source led to a low ingestion e f f ic iency  of Kepone by spot and
121
122
shrimp when compared to a more coarsely ground food source. When 
assimilation e f f ic ienc ies  were based on the to ta l  amount of Kepone 
fed rather than on the actual amount consumed, a low apparent 
assimilation e f f ic iency  resulted from th is  reduced ingestion 
ef f ic iency,  Kepone ass imilat ion e f f ic iency  was shown to be close 
to 100* when based on the actual  amount of Kepone consumed.
7) An accelerated tes t  methodology for measuring dietary  
accumulation of Kepone by spot provided r e la t iv e ly  accurate 
predictions of pharmacokinetic rate constants when compared to  
values from long term tes ts .
B) Spot were able to accumulate less Kepone from a natural  
food source than from an a r t i f i c i a l  food source. This low assimilation  
effic iency from the natural food source was primari ly due to  the 
low ingestion e f f ic iency of spot for the f ine ly  ground food, as 
noted in  ( 6) above.
9} This study shows t h a t  good predictions of  Kepone residues 
in James River spot can be made from laboratory derived bloaccumulatlon 
data only 1f d ietary contribut ions of Kepone are considered.
10) The f a i lu r e  of past researchers to consider the e f fec ts  
of food consumtion rates on xenobiotic accumulation may be the 
major reason that  dietary contribut ions to f inal organism body 
burdens have been considered ins ign i f ican t  for 1i pi phi l i e  compounds.
SUGGESTIONS FOR FUTURE RESEARCH
The present study addressed the pharmacokinetic parmeters that 
control the bioconcentration and dietary accumulation of Kepone by 
two estuarine species and the contribution of dietary accumulation 
to f in a l  body burdens. The model used to determine biooccumulatlon 
was a f i rs t -o rd e r  pharmacokinetic equation. Two assumptions are 
generally made in order to apply th is  model: 1) The depuration
rate constant is independent of the concentration In the organism;
2) All  residues in the organism, regardless of their  source, are 
assumed to be depurated at  the same rate .  Assumption 1 seems valid  
since ration size (Kepone dose) did not appear to af fect  Kepone 
depuration rates in e i th er  species. There was some indicat ion that  
residues accumulated from water were depurated more slowly than 
residues accumulated from food. This presents a problem in the use 
of a f i rs t -o rd e r  pharmacokinetic model, and is an area that needs 
more study. I t  may be possible to use dual- label  experiments 
(^CI-Kepone and ^C-Kepone), larger sample sizes and individual  
l ip id  component analysis to  understand bet ter the clearance of  
Kepone accumulated from food or water,
A number of pharmacokinetlc/bioenergetic modeling e f fo r ts  
have been undertaken in the last decade to predict xenobiotic 
accumulation by organisms in nature. These models a l l  depend on a 
simple f i rs t -o rd er  pharmacokinetic approach to explain the uptake 
and depuration of xenobiotics by aquatic organisms. When uptake
123
and depuration rate  constants derived from control led laboratory  
studies are applied to f i e l d  s i tuat ions ,  there are many variables  
which could a f fec t  these rate  constants. More information is  
needed concerning the possible ef fects  of varying environmental 
condit ions (temperature, s a l i n i t y ,  organism s ize ,  food type, toxicant  
stress, pre-exposure h is to ry ,  e t c . )  on the uptake and clearance 
rate  constants that  govern bioaccumulation of xenobiotlcs, Kepone 
would be a good compound to use for  such studies because i t  Is not 
metabolized to any extent ,  thereby al lowing experimental designs 
tha t  employ 14c_Kep0ne and radiometric methods, ra ther  than requiring  
more complex ana ly t ica l  chemistry,
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